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1. General Description 


RM68120 is a 16.7 million-color single-chip SoC driver for a-si TFT LCD driver IC that supply resolution of 
480RGBx360, 480RGBx640, 480RGBx720, 480RGBx800, 480RGBx854, 480RGBx864 with internal GRAM 
and 480RGB x 1024 by pass internal GRAM. RM68120 comprise a 1440-channel source driver, gate control 
timing by level shift, 1,244,160 bytes GRAM for graphic data of 480RGBx864 dots, and power supply circuit. 
The RM68120 supports 24-/16-/8-bit data bus interface, I2C interface and serial peripheral interfaces (SPI). It 
also supplies 24bit, 18-bit or 16-bit RGB interface, MDDI interface and MIPI interface»for driving video signal 
directly from application controller. The moving picture area can be specified in internal GRAM by window 
address function. The specified window area can be updated selectively, so that moving picture can be 
displayed simultaneously independent of still picture area. 

RM68120 can operate with 1.65V I/O interface voltage, and an incorporated voltage follower circuit to 
generate voltage levels for driving a TFT LCD panel. The RM68120 also supports a function to display in 8 
colors and a sleep mode, allowing for precise power controlpby software and these features make the 
RM68120 an ideal driver for portable products such as.digital cellular phones, smart phone, MP3 and PMP 


where long battery life is a major concern. 
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2. Features 


@ A single-chip controller driver fora WVGA panel type a-si TFT LCD display 


@ Display resolution option 


(1). With GRAM: 


1. 


2. 


5. 


6. 


480RGB x 360 


480RGB x 640 


480RGB x 720 


480RGB x 800 


480RGB x 854 


480RGB x 864 


(2). By pass GRAM: 


1. 


480RGB x 1024 


@ RAM size: 480 x 3 x 864 = 1,244,160 bytes 


@ System interface 


(1). 8-, 16-, 24-bits 80-series MPU interface 


(2). 16-bits serial peripheral interface 


(3). 12C interface 


@ Moving picture display interface 


(1). 16-, 18-, 24-bit RGB interface (SYNC and DE mode) 


@ High speed interface 


(1). Mobile Display Digital Interface (MDDI V1.2, 1 clock and 1 or 2 data lane pairs) 


(2). MIPI Display Serial Interface (DSI V1.01 r11 and D-PHY V1.0, 1 clock and 1 or 2 data lane 
pairs) 


@ Display color mode 


(1). Full color mode: 16.7M colors 


(2). Reduce color mode: 


1. 


2. 


262k colors 


65k colors 
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3. 8 colors (Idle mode) 
@ Window address function to specify a rectangular area writing data in the internal RAM 
@ Abundant color display and drawing functions 
(1). Programmable y-correction function for 16.7 million color display 
(2). Individual gamma correction setting for RGB dots 
(3). Partial display function 
@ — Low power consumption architecture 
(1). Deep standby mode 
(2). Sleep mode 
(3). 8-color display function 
e Power supply startup sequencer 
@ Support 1-, 2-, 3-, 4-dot, column and zigzag inversion 
o Four GPO pins for external control 
@ Onchip checksums check 
@ Operating temperate: -30°C ~ 70°C 
© — On module DC/DC converter 
(1). DDVDH=4.5V to 6.5V 
(2). DDVDL=-4.5V to-6.5V 
(3). VCL=-2.5V to=4.0V 
(4). Positive gamma,high voltage level: VGMP=3.5V to 5V 
(5). Positive gamma low voltage level: VGSP=0.0V, 0.3V to 3.7V 
(6). Negativegamma high voltage level: VGMN=-5V to -3.5V 
(7). Negative gamma low voltage level: VGSN=0.0V, -0.3V to -3.7V 
(8). Positive gate driver output voltage level: VGH=+8V to +18V 
(9). Negative gate driver output voltage level: VGL=-2V to -15V 
(10). VCOM=-3.5V to OV 
e Input power supply voltages: 
(1). IOVCC (VDDI) = 1.65V~3.3V 


(2). IOVCCL (VDDIL) = 1.1V~1.3V 
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(3). VCI = 2.3V~4.8V 


(4). MIPI/MDDI regulator supply voltage range: 2.3V ~ 4.8V 
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3. Block Diagram 


VCI &#— 
IOVCC ™&— 
IM[3:0] mt GRAM Oooo g 
RESX @ Source Driver 
CSX i { A A 
WRX/SCL E : c 
Read Write 
RDA H System I/F |] Latch Latch 
DR 24-bit 
DIN _SDA @ 16-bit A Gate level 
DOUT & 8-bit ¢—__> | shifter E. | 
DB[23:0] (VGHO/VGLO) 
TE @ a) Index | | orp 
RGB I/F Register 
ven 24-bit ary || 8 
HS @ 18-bit y I | 
PCLK @ i ji ET 
DE $ =o Address Regulator |m 
Control | Counter m. | 
SPI/I2C Register(CR) (AC) 
CP/CN #— m. | 
DPO/DNO E—— 
DP1/DN1 &— MIPI/MDDI DVDD m 
LANSEL ™-—_ Interface Regulatot 
DSWAP &—— 
PSWAP E— Timing E 
RC-OSC E Controller 7 
i PFM |_ gy 
MVCI #— INi E 
MVDDL E— Noon 
oltage Gen 
MVDDA &— — "| 
chargepump1 chargepump2 Chargepump3 & 4 & 5 CABC a 
o 7 seus) QAaAANAANYD QO © On =< 
a E HENLE GEES RLS 
TUM S TUVIS JE yEyE 
Ne, 8 AAAF A a aa 
RORA YR E= E E 
Z Z Z ZZZ zZ zZ ZZ 


S1~S1440 


GOUTI ~ GOUT32 


VREGIOUT 
VGHR 
VREFP 
VGLR 
VREFN 


DVDD 


EXTP 
EXTN 
CSP 
CSN 


LEDON 
LEDPWM 
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4. Pin Description 


80- tem Interface Pin 


| PinName | 1O | Descriptions 


ox a select input pin (“Low” enable) in 80-series MPU I/F and SPI I/F. 


RX: Writes strobe signal to write data when WRX is “Low” in 80-series MPU I/F. 
SCL: A synchronous clock signal in SPI I/F. 
I2C_SCL: Serial input clock in 12C I/F. 


| rox | Reads strobe signal to write data when RDX is “Low” in 80-series.MPU interface: 


Display data / command selection in 80-series MPU I/F, 
D/CX D/CX = ”0” : Command 
D/CX = "1” : Display data or Parameter 
4-bit bi-directional data bus for 80-series MPU I/F and 24-bit input data bus for RGB I/F. 
For 8080-series MPU I/F: 
D[23:0] VO -bit interface: D[7:0] are used, D[23:8] shouldbe connected to VSSI 
16-bit interface: D[15:0] are used, D[23:16] should be connected to VSSI 
4-bit interface: D[23:0] are used 


SPI / I2C Interface Pins 


omme [e] A~a O 
SDI: Serial input signal in SPI I/F. The data is input on the rising/falling edge of the SCL 
ignal. 

SDI/12C_SDA VO I2C_SDA: Serial input/output signal in 12C I/F. The data is input/output on the rising 
edge of the I2C_SCLk signal. 
Serial output signal in SPI I/F. The data is output on the rising/falling edge of the SCL 
SDO ignal. If the host places the SDI line into high-impedance state during the read interval, 

he SDl.and SDO can be tied together. 


RGB Interface Pins 


Tron [oS [ne 
a peee 
Ne TT rete sratnroot 
e E pesee O 
ee peesaa 


MIPI / MDDI Interface Pins 


WRX / SCL / 
12C_SCL 
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HSSI_CLK_P 
HSSI_CLK_N 


HSSI_DO_P 
HSSI_DO_N 


HSSI_D1_P 
HSSI_D1_N 


hese pins are DSI-CLK+/- differential clock signals if MIPI interface is used. 
hese pins are MDDI_STB_PYN differential strobe signals if MDDI interface is used. 
IHSSI_CLK_P/N are differential small amplitude signals. Ensure the trace length is 
hortest so that the COG resistance is less than 10 ohm. 
Please connect these pins to VSSAM if not used. 


hese pins are DSI-DO+/- differential data signals if MIPI interface is used. 
hese pins are MDDI_DATAO_PIN differential strobe signals if MDDI interface is used. 
HSSI_DO_PYN are differential small amplitude signals. Ensure the trace length is 
hortest so that the COG resistance is less than 10 ohm. 
Please connect these pins to VSSAM if not used. 


hese pins are DSI-D1+/- differential data signals if MIPI interface is used. 
hese pins are MDDI_DATA1_ P/N differential strobe signals if, MDDI interface is used. 
IHSSI_D1_P/N are differential small amplitude signals. Ensure the trace length is 
hortest so that the COG resistance is less than 10 ohm. 
Please connect these pins to VSSAM if not used. 


ICRC and ECC error output pin for MIPI interface. This pin is output low when it is not 
activated. When this pin is activated, it output high if CRC/ECC error found. 
Please open this pin if not used. 


Input pin to select 1 data lane or 2 data lanes in,MIPI/MDDh interface. 
0: 1 data lane 
1: 2 data lanes 

lease connect to VSSI if not used. 


Input pin to select HSSI_D0O/D1 data lane sequence and polarity in high speed interface 
only. 

For MIPI interface; both DSWAP and PSWAP function are available. 

For MDDI interface, only PSWAP function is available. i.e. DSWAP=1 in below table is 
invalid. 


Pin Name 


DSWAP=0 
PSWAP=0 


HSSI_DO_P 


DSI-DO+ 


HSSI_DO_N 


DSI-DO- 


HSSI_CLK_P 


DSI-CLK+ 


HSSI_CLK_N 


DSI-CLK- 


HSSI_D1_P 


DSI-D1+ 


HSSI_D1_N 


DSI-D1- 


DSWAP=0 
PSWAP=1 


DSI-DO- 


DSI-DO+ 


DSI-CLK- 


DSI-CLK+ 


DSI-D1- 


DSI-D1+ 


DSWAP=1 
PSWAP=0 


DSI-D1+ 


DSI-D1- 


DSI-CLK+ 


DSI-CLK- 


DSI-DO+ 


DSI-DO- 


DSWAP=1 
PSWAP=1 


DSI-D1- 


DSI-D1+ 


DSI-CLK- 


DSI-CLK+ 


DSI-DO- 


DSI-DO+ 


lease connect to VSSI if not used. 


Logic Pins 


Pome Pte [tee 


ee 
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his signal will reset the device and must be applied to properly initialize the chip. 
Signal is active low. The input voltage range for RESX pin is related to DSTB_SEL and 


VDDI=1.65~3.3V VDDIL=1.1~1.3V 
Min. Max. Min. Max. 
Logic high level input voltage 0.7xVDDI VDDI 1.155 1.95 
Logic low level input voltage VSSI 0.3xVDDI VSSI 0.585 
Logic high level input voltage 0.88 1.35 0.88 1.35 
Logic low level input voltage 


Input Voltage Level (DSTB_SEL="1”) 


VSEL = 1 


VSEL = 0 


Input Voltage Level (DSTB_SEL="0”) 


Logic High level input voltage 0.7xVDDI VDDI 


VDDI=1.65~3.3V 


Logic Low level input voltage VSsI 0.3xVDDI 


Logic High level input voltage 0:88 1.35 


VDDI=1.1~1.3V 


Logic Low level input voltage vssi 0.55 


Tearing effect output pin to synchronize MCU to frame writing, activated by S/W 
command. When this pin is not activated, this pin is outpublow. 
Please open this pin if not used. 


Tearing effect output pin to synchronize MCU to frame writing, activated by S/W 
command. When this pin isìnot activated, this pin is output low. 
Please open this pin:if,not used. 


Display data written path control in RGB interface. 
RGBBP="0”, display data written to frame memory. 


RGBBP="1”", display data written to line buffer (frame memory by pass mode) 
Please connect to VSSI if not used in other interfaces. 
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Interface type selection. The connections of IM[3:0] which not shown in table are 
invalid. 


IM[3:0] Display Data Command 


0000 | 80-series 8-bit MPU I/F, D[7:0] 80-series 8-bit MPU I/F, D[7:0] 


0001 80-series 16-bit MPU I/F, D[15:0] 80-series 16-bit MPU I/F, D[15:0] 


0010 | 80-series 24-bit MPU I/F, D[23:0] 80-series 24-bit MPUI/F, D[23:0] 


RGB I/F, D[23:0] 16-bit SPI (SCL tising edge trigger), 
SDI/SDO 


RGB I/F, D[23:0] 12C I/F, ZC {SDA 


MIPI DSI,HSSI_DO_PIN, MIPI DSI,HSSI_DO2P/N, HSSI_D1_P/N 
HSSI_D1_P/N 


MIPI DSI,HSSI D0 P/N,HSSI D1 P/N 
MIPI DSI,HSSI_DO0_P/N, (Video Mode) 


HSSI_D1_P/N 


MDDI, HSSI_DO_P/N, HSSI_D1_P/N 
MDDI,HSSI_DO_P/N, HSSI_D1_P/N 
16-bit SPI (SCL rising edge trigger), 


SDI/SDO 
MDDI, HSSI_DO_P/N, HSSI_D1_P/N 


MDDI,HSSI_DO_P/N, HSSI_D1_P/N 
16-bit SPI (SCL falling edge trigger), 


SDI/SDO 


MDDI, HSSI_DO_P/N, HSSI_D1_P/N 
MDDI,HSSI_DO_P/N, HSSI_D1_P/N 
12C I/F, 12C_SDA serial data 


RGB I/F, D[23:0] 16-bit SPI (SCL falling edge trigger), 
SDI/SDO 


Select the I2C interface address from MPU. 
0: 100_1100 
1: 100_1101 


OO 
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Input pin to switch the I/O voltage. 
his VSEL function only apply for RESX, TE, LEDPWM, LEDON, KBBC pins. 
he VSEL dual IO function is valid when DSTB_SEL="1”. 
Output Voltage Level 
VDDI DIOPWR 
TE LEDON/LEDPWM 
1.65~3.3v or off VOH=VDDI VOH=VDDI or VDDA 
1.1~1.3v VOL=VSSI VOL=VSSI 
1.2v VOH=1.2v VOH=1.2 
í VOL=VSSI VOL=VSSI 
ua eae VOH=VDDI or VDDA 
VSEL eran VOL=VSSI 
VOL=VSSI 
VOH=1.2v VOH=1.2v 
` VOL=VSSI VOL=VSSI 
High VOH=1.8v VOH=1.8v 
8 a VOL=VSSI VOL=VSSI 
he input voltage range for VSEL pin: 
Input Voltage Level in. : 
Logic High level input voltage 
Logic Low level input voltage 
Please open these pins if not used. 


GPOJ3:0] cx eneral purpose output pins. The outputvoltageswing is VDDI to VSSI. 


VGSWJ[3:0] Fo | nput pin to select the.different application. 


Input pin to select,the external DDVDH DC/DC voltage. 
EXB1T 0: Use internal DC/DC for DDVDH 
1: Use external DC/DC for DDVDH 
Please connect to VYSSI if not used. 
Input pin to select the voltage sequence of VO ~ V255. 
NBWSEL 0: V(OOh)>V(01h)>...>V(FEh)>V(FFh) (Normally White) 
1: V(OOh)<V(O1h)<...<V(FEh)<V(FFh) (Normally Black) 


Input pin to control DIOPWR regulator on/off. 
DSTB_SEL DIOPWR Regulator VSEL Function 
DSTB_SEL 
S DIOPWR Off Invalid 
DIOPWR On Valid 


CABC and LABC Pins 


Ceme [we [ew 


LEDON his pin is connect to the external LED driver. 
It is a LED driver control signal which is used for turning ON/OFF the LED backlight. 
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his pin is connect to the external LED driver. 
LEDPWM It is a PWM type control signal for brightness of the LED backlight. The width of 
LEDPWM signal is set from 256 values between 0% (Low) and 100% (High). 


Power supply 


rename [we [ne 


DC/DC |Power supply for DC/DC converter 
DDB, VDDA and VDDR should be the same input voltage level 


VDDA Analog Power supply for analog system 
DDB, VDDA and VDDR should be the same input voltage level 


VDDR Regulato|Power supply for regulator system 
r Power VDDB, VDDA and VDDR should be the same input voltage level 
VDD_DET [Detectio (Connect to VDDB/VDDA/VDDR for detection. 
in Power 
VDDAM Power supply for MIPI/MDDI analog regulator system 
VDDI Power supply for interface system except MIPI/MDDI interface 


DVDD Digital [Regulator output for logic system power (1.5V typical) 
oltage {Connect a Capacitor for stabilization. 
DIOPWR Dual I/O [Regulator output fordual 1/O voltage system (1.2V/1.8V typical). 
oltage .|Connect.a capacitor for stabilization. 
MVDDA MIPI/MD Regulator output for internal MIPI/MDDI analog system (1.5V typical) Connect a 
apacitorfor stabilization. 
If not use MIPI/MDDI interface, please open this pin. 
MVDDL Regulator output for internal MIPI low power system (1.2V typical) 
Connect a capacitor for stabilization. 
If not use MIPI interface, please open this pin 
VSSB System ground for DC/DC converter 
VSSA System ground for analog system 


VSSR Regulato|System ground for regulator system 
r GND 
VSSAM MIPI System ground for internal MIPI/MDDI analog system 
GND 


VSSI 1/0 GND /System ground for interface system except MIPI/MDDI interface 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page15 


Raydium 


Digital [System ground for internal digital system 
GND 


Source |System ground for source OP system 


MTP PWR MTP programming power supply pin (7.4 to 7.6V and 7.5V typical) Must be left open or 
~ onnected to DVSS in normal condition 


Step-up Circuit 


nme [e OOO O e a a 
Output voltage from step-up circuit 1, generated from VDDB. 
AVDD {[DDVDH) Connect a capacitor for stabilization. 
AVEE (DDVDL Output voltage from step-up circuit 2, generated from, VDDB. 
( ) Connect a capacitor for stabilization. 


Output voltage from step-up circuit 3, generated from VDDB. 


Wer Connect a capacitor for stabilization. 


Output voltage from step-up circuit 4. 
Connect a capacitor for stabilization. 


Output voltage from step-up circuit 5. 
Connect a capacitor for stabilization. 


VGL l Substrate voltage for driver IC. Please connect VGL to VGLX. 


C11P, C11N 
C12P, C12N Capacitor connection pins for the step-up circuit which generate AVDD. 


C13P, C13N (Connect capacitor as requirement. 
C14P, C14N 


C21P, C21N 
C22P, C22N Capacitor connection pins for the step-up circuit which generate AVEE. 


C23P, C23N Connect capacitor as requirement. 
C24P, C24N 


C34P,,C31N (Capacitor connection pins for the step-up circuit which generate VCL. 
C32P, C32N Connect capacitor as requirement. 


Capacitor connection pins for the step-up circuit which generate VGH. 
C41P, C41N Connect capacitor as requirement. 

Capacitor connection pins for the step-up circuit which generate VGLX. 
C51P, C51N Connect capacitor as requirement. 

Output voltage generated from AVDD. 

VRGH Connect a capacitor for stabilization. 

Output voltage generated from VGLX. LDO output used for panel voltage. 

VGL_REG Connect a capacitor for stabilization. 
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PFM1 control output for DC/DC converter to generate AVDD. 
Connect to gate of external NMOS device. 


PFM2 control output for DC/DC converter to generate AVEE. 
Connect to gate of external PMOS device. 


Current sensing input for PFM1 DC/DC converter (generate AVDD). 


Current sensing input for PFM2 DC/DC converter (generate AVEE). 


Regulator output for power voltage. 
Connect a capacitor for stabilization. 


Reference voltage for internal voltage generating circuit. 
Connect capacitor for stabilization. 


Output voltage generated from AVDD. LDO, output for positive gamma high voltage 
generator. 


Output voltage generated from AVDD. LDO output for positive gamma low voltage 
generator. 


Output voltage generated from AVEE. LDO output for negative gamma high voltage 
generator. 


Output voltage generated fromAVEE. LDO output for negative gamma low voltage 


VGSN generator. 


panes [wo Peo 
re [o pema 
ours hN: control signals for panel. 

he swing voltage level is VGHO to VGLO 
N S perse 
eo g L o hornoman ononon 
C aog To þora emonsa oean 
e o þrenn o 
ee |e output for common voltage of panel. 

Connect a capacitor for stabilization. 


Test and Dummy pins 


rene [we [Oe 
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hese test pins for chip attachment detection. 
PADA1 to PADA4 are output pins and PADB1 to PADB4 are input pins. 
For normal operation: 
Connect PADA1 and PADB1 together by ITO trace. 
Connect PADA2 and PADB2 together by ITO trace. 
Connect PADA3 and PADB3 together by ITO trace. 
Connect PADA4 and PADB4 together by ITO trace. 


CONTACT1A, jo est pin, for test bonding quality, IC internal will connect 

CONTACT1B, CONTACT1A with CONTACT1B, CONTACT2A with CONTACT2B 

CONTACT2A, O 

CONTACT2B 

eaan | 1 petonta aie | NNV 
ess | 1 nm NN 
edon | 1 pemi miaoonne AOO NY 
| voaves | 1 aia AEON 
| vewnvaur | ı ffest pin mastno comeoied yA 
| veswvese | a pm N E 
a |. Oo 
aama S EON Seea teedaie, 
ae NING et ee 


7 hese pins are dummy with VSSI potential (not have any function inside). 
VSSIDUM0~106 ks: traces can’t pass through on glass under these pads. 


EE 
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A-Si TFT LCD Drive Power Supply Specifications Table 


No. | Item Description 
1 TFT source driver 1440 pins (S1 ~ S1440) 
2 TFT gate driver 32 pins (GOUT1 ~ GOUT32) 
3 Liquid crystal drive $1~S1440 V0~V255 grayscales 
output GOUT1 ~ VGH-VGL 
GOUT32 
VCOM DC VCOM 
4 Input voltage IOVCC 1.65V~3.30V 
VCI 2.30V~4.80V 
5 Liquid crystal drive DDVDH 4.5V ~ 6.5V 
voltages DDVDL -4.5V ~ -6.5V 
VGH 8.0V ~ 18V 
VGL -2V ~ -15V 
VGH-VGL Avoid exceed 32v 
6 Internal step-up circuits | DDVDH VCIx1.5, VCIx1.66, VCIx2, VCIx2.5, VCIx3 
DDVDL VClx-1.5, VCIx-2, VCIx-2.5, VCIx-3 
VCL VClx-0:5, VClx-1.0, VCIx-2.0 
VGH (DDVDH+VCl), DDVDHx2, (DDVDH- 
DDVDL+VCl), (DDVDHx2-DDVDL) 
VGLX (DDVDL+VCL), (DDVDL-DDVDH), 
(DDVDk+VCL-DDVDH), (DDVDLx2 — 
DDVDH) 
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5. Pad Diagram and Coordination 


bump view 


a 
m 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 
Page20 


Raydium 


Alignment Mark: 


30um 30 um 
20um 20um 
30 um 
Th RS =a 
30 um 20m [| 30 um [| 20um 30 um 
+t 
30 um 
RS 
30 um 
+t 
(-11870, 687.5) 30um (11870, 687.5) 
en Ae 
ae VOE RENT 
30um 30um 30um 30um 30um 30um 30um 30um 30um 30um 


Bump Arrangment: 
Input: 


7 
A 115 um 
30 um 
120 um 
115 um 
v 
A A 


40 um 


Input Pad Output Pad 


SE 
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Coordinate: 

Pad No. Name X-axis Y-axis 
1 VSSIDUMO -11880 -702.5 
2 VSSIDUM1 -11790 -702.5 
3 PADA1 -11730 -702.5 
4 PADB1 -11670 -702.5 
5 VCOM -11610 -702.5 
6 VCOM -11550 -702.5 
7 VCOM -11490 -702.5 
8 VCOM -11430 -702.5 
9 VCOM -11370 -702.5 
10 CONTACT1A -11310 -702.5 
11 CONTACT1B -11250 -702.5 
12 MTP_PWR -11190 -702.5 
13 MTP_PWR -11130 -702.5 
14 MTP_PWR -11070 -702.5 
15 MTP_PWR -11010 -702.5 
16 MTP_PWR -10950 -702.5 
17 VGLX -10890 -702.5 
18 VGLX -10830 -702.5 
19 VGLO -10770 -702.5 
20 VGLO -10710 -702.5 
21 VGL_REG -10650 -702.5 
22 VGL_REG -10590 -702.5 
23 VRGH -10530 -702.5 
24 VRGH -10470 -702.5 
25 VCL -10410 -702:5 
26 VCL -10350 -702.5 
27 VCL -10290 -702.5 
28 VCL -10230 -702.5 
29 VREF_PWR -10170 -702:5 
30 VREF_PWR -10110 -702.5 
31 VREF_PWR -10050 -702.5 
32 VREF_PWR -9990 -702.5 
33 VSSA -9930 -702.5 
34 VSSA -9870 -702.5 
35 VSSA -9810 -702.5 
36 VSSA -9750 -702.5 
37 VDDA -9690 -702.5 
38 VDDA -9630 -702.5 
39 VDDA -9570 -702.5 
40 VDDA -9510 -702.5 
41 VDDR -9450 -702.5 
42 VDDR -9390 -702.5 
43 VDDR -9330 -702.5 
44 VDDR -9270 -702.5 
45 VSSR -9210 -702.5 
46 VSSR -9150 -702.5 
47 VSSR -9090 -702.5 
48 VSSR -9030 -702.5 
49 TESTO -8970 -702.5 
50 TEST1 -8910 -702.5 
51 TEST2 -8850 -702.5 
52 TEST3 -8790 -702.5 
53 VDD_DET -8730 -702.5 
54 DIOPWR -8670 -702.5 
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55 DIOPWR -8610 -702.5 
56 VGSN -8550 -702.5 
57 VGSN_VGSP -8490 -702.5 
58 VGSP -8430 -702.5 
59 VGMN -8370 -702.5 
60 VGMN_VGMP -8310 -702.5 
61 VGMP -8250 -702.5 
62 DVSS -8190 -702.5 
63 DVSS -8130 -702.5 
64 DVSS -8070 -702.5 
65 DVDD -8010 -702.5 
66 DVDD -7950 -702.5 
67 DVDD -7890 -702.5 
68 VDDB -7830 -702.5 
69 VDDB -7110 -702.5 
70 VDDB -7710 -702.5 
71 VCŁ_VDDB -7650 -702.5 
72 VCL_VDDB -7590 -702.5 
73 VCL -7530 -702.5 
74 VeL -7470 -702.5 
75 VCL_AVSS -7410 -702.5 
76 VCL_AVSS -7350 -702.5 
TT AVSS -7290 -702.5 
78 AVSS -7230 -702.5 
79 AVSS -7170 -702.5 
80 VDDI_OPT1 -7110 -702.5 
84 LANSEL -7050 -702.5 
82 DSWAP -6990 -702.5 
83 PSWAP -6930 -702.5 
84 VSSI_OPT1 -6870 -702.5 
85 DSTB_SEL -6810 -702.5 
86 NBWSEL -6750 -702.5 
87 VGSW3 -6690 -702.5 
88 VGSW2 -6630 -702.5 
89 VGSW1 -6570 -702.5 
90 VGSWO -6510 -702.5 
91 VDDI_OPT2 -6450 -702.5 
92 RGBBP -6390 -702.5 
93 I2C_SAO -6330 -702.5 
94 IM3 -6270 -702.5 
95 IM2 -6210 -702.5 
96 IM1 -6150 -702.5 
97 IMO -6090 -702.5 
98 GPO3 -6030 -702.5 
99 GPO2 -5970 -702.5 
100 GPO1 -5910 -702.5 
101 GPOO -5850 -702.5 
102 EXB1T -5790 -702.5 
103 TE_L -5730 -702.5 
104 VSEL -5670 -702.5 
105 SDO -5610 -702.5 
106 SDI -5550 -702.5 
107 DCX -5490 -702.5 
108 WRX -5430 -702.5 
109 RDX -5370 -702.5 
110 CSX -5310 -702.5 
111 RESX -5250 -702.5 
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112 VSSI -5190 -702.5 
113 VSSI -5130 -702.5 
114 VSSI -5070 -702.5 
115 VDDI -5010 -702.5 
116 VDDI -4950 -702.5 
117 VDDI -4890 -702.5 
118 D23 -4830 -702.5 
119 D22 -4770 -702.5 
120 D21 -4710 -702.5 
121 D20 -4650 -702.5 
122 D19 -4590 -702.5 
123 D18 -4530 -702.5 
124 D17 -4470 -702.5 
125 D16 -4410 -702.5 
126 D15 -4350 -702.5 
127 D14 -4290 -702.5 
128 D13 -4230 -702.5 
129 D12 -4170 -702.5 
130 D11 -4110 -702.5 
131 D10 -4050 -702.5 
132 D9 -3990 -702.5 
133 D8 -3930 -702.5 
134 D7 -3870 -702.5 
135 D6 -3810 -702.5 
136 D5 -3750 -702.5 
137 D4 -3690 -702.5 
138 D3 -3630 -702.5 
139 D2 -3570 -70245 
140 D1 -3510 -702.5 
141 DO -3450 -702.5 
142 DE -3390 -702.5 
143 PCLK -3330 -7025 
144 HS -3270 -702.5 
145 VS -3210 -702.5 
146 LEDPWM -3150 -702.5 
147 LEDON 3090 -702.5 
148 KBBC -3030 -702.5 
149 ERR -2970 -702.5 
150 VDDI -2910 -702.5 
151 VDDI -2850 -702.5 
152 VDDI -2790 -702.5 
153 VSSI -2730 -702.5 
154 VSSI -2670 -702.5 
155 VSSI -2610 -702.5 
156 AVDD -2550 -702.5 
157 AVDD -2490 -702.5 
158 AVDD -2430 -702.5 
159 AVDD -2370 -702.5 
160 AVSS_AVDD -2310 -702.5 
161 AVSS_AVDD -2250 -702.5 
162 AVSS -2190 -702.5 
163 AVSS -2130 -702.5 
164 AVEE_AVSS -2070 -702.5 
165 AVEE_AVSS -2010 -702.5 
166 AVEE -1950 -702.5 
167 AVEE -1890 -702.5 
168 AVEE -1830 -702.5 
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169 VDDA -1770 -702.5 
170 VDDA -1710 -702.5 
171 VDDA -1650 -702.5 
172 VDDA -1590 -702.5 
173 DVSS -1530 -702.5 
174 DVSS -1470 -702.5 
175 DVSS -1410 -702.5 
176 DVSS -1350 -702.5 
177 DVDD -1290 -702.5 
178 DVDD -1230 -702.5 
179 DVDD -1170 -702.5 
180 DVDD -1110 -702.5 
181 VSSAM -1050 -702.5 
182 VSSAM -990 -702.5 
183 VSSAM -930 -702.5 
184 VSSAM -870 -702.5 
185 VSSAM -810 -702.5 
186 HSSI_D1_P +750 -702.5 
187 HSSI_D1_P -690 -702.5 
188 HSSI_D1_P -630 -702.5 
189 HSSI_D1)P -570 -702.5 
190 HSSI_D1_N -510 -702.5 
191 HSSI_D1_N -450 -702.5 
192 HSSI_D1_N -390 -702.5 
193 HSSI_D1_N -330 -702.5 
194 VSSAM -270 -702.5 
195 VSSAM -210 -702.5 
196 HSSI_CLK_P -150 -702.5 
197 HSSI_CLK_P -90 -702.5 
198 HSSI_CLK_P -30 -702.5 
199 HSSI_CLK_P 30 -702.5 
200 HSSI_CLK_N 90 -702.5 
201 HSSI_CLK_N 150 -702.5 
202 HSSI_CLK_N 210 -702.5 
203 HSSI_CLK_N 270 -702.5 
204 VSSAM 330 -702.5 
205 VSSAM 390 -702.5 
206 HSSI_DO_P 450 -702.5 
207 HSSI_DO_P 510 -702.5 
208 HSSI_DO_P 570 -702.5 
209 HSSI_DO_P 630 -702.5 
210 HSSI_DO_N 690 -702.5 
211 HSSI_DO_N 750 -702.5 
212 HSSI_DO_N 810 -702.5 
213 HSSI_DO_N 870 -702.5 
214 VSSAM 930 -702.5 
215 VSSAM 990 -702.5 
216 MVDDL 1050 -702.5 
217 MVDDL 1110 -702.5 
218 MVDDL 1170 -702.5 
219 MVDDA 1230 -702.5 
220 MVDDA 1290 -702.5 
221 MVDDA 1350 -702.5 
222 VDDAM 1410 -702.5 
223 VDDAM 1470 -702.5 
224 VDDAM 1530 -702.5 
225 VDDAM 1590 -702.5 
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226 VDDAM 1650 -702.5 
227 VDDR 1710 -702.5 
228 VDDR 1770 -702.5 
229 VDDR 1830 -702.5 
230 OSC_TEST 1890 -702.5 
231 TER 1950 -702.5 
232 VSSR 2010 -702.5 
233 VSSR 2070 -702.5 
234 VSSR 2130 -702.5 
235 VSSR 2190 -702.5 
236 VREFCP 2250 -702.5 
237 VREFCP 2310 -702.5 
238 VRGH 2370 -702.5 
239 VRGH 2430 -702.5 
240 EXTP 2490 -702.5 
241 EXTP 2550 -702.5 
242 CSP 2610 -702.5 
243 CSP 2670 -702.5 
244 EXTN 2730 -702.5 
245 EXTN 2790 -702.5 
246 CSN 2850 -702.5 
247 CSN 2910 -702.5 
248 VDDB 2970 -702.5 
249 VDDB 3030 -702.5 
250 VDDB 3090 -702.5 
251 VDDB 3150 -702.5 
252 VDDB 3210 -702.5 
253 VDDB 3270 -70245 
254 VSSB 3330 -702.5 
255 VSSB 3390 -702.5 
256 VSSB 3450. -702.5 
257 VSSB 3510 -7025 
258 VSSB 3570 -702.5 
259 VSSB 3630 -702.5 
260 C11P 3690 -702.5 
261 C11P 3750 -702.5 
262 C11P 3810 -702.5 
263 C11N 3870 -702.5 
264 C11N 3930 -702.5 
265 C11N 3990 -702.5 
266 C12P 4050 -702.5 
267 C12P 4110 -702.5 
268 C12P 4170 -702.5 
269 C12N 4230 -702.5 
270 C12N 4290 -702.5 
271 C12N 4350 -702.5 
272 C13P 4410 -702.5 
273 C13P 4470 -702.5 
274 C13P 4530 -702.5 
275 C13N 4590 -702.5 
276 C13N 4650 -702.5 
277 C13N 4710 -702.5 
278 C14P 4770 -702.5 
279 C14P 4830 -702.5 
280 C14P 4890 -702.5 
281 C14N 4950 -702.5 
282 C14N 5010 -702.5 


283 C14N 5070 -702.5 
284 AVDD 5130 -702.5 
285 AVDD 5190 -702.5 
286 AVDD 5250 -702.5 
287 AVDD 5310 -702.5 
288 AVSS_AVDD 5370 -702.5 
289 AVSS_AVDD 5430 -702.5 
290 AVSS 5490 -702.5 
291 AVSS 5550 -702.5 
292 AVSS 5610 -702.5 
293 AVEE_AVSS 5670 -702.5 
294 AVEE_AVSS 5730 -702.5 
295 AVEE 5790 -702.5 
296 AVEE 5850 -702.5 
297 AVEE 5910 -702.5 
298 AVEE 5970 -702.5 
299 C21P 6030 -702.5 
300 C21P 6090 -702.5 
301 C21P 6150 -702.5 
302 C21N 6210 -702.5 
303 C21N 6270 -702.5 
304 C21N 6330 -702.5 
305 C22P 6390 -702.5 
306 C22P 6450 -702.5 
307 C22P 6510 -702.5 
308 C22N 6570 -702.5 
309 C22N 6630 -702.5 
310 C22N 6690 -702.5 
311 C23P 6750 -702.5 
312 C23P 6810 -702.5 
313 C23P 6870 -702.5 
314 C23N 6930 -702.5 
315 C23N 6990 -702.5 
316 C23N 7050 -702.5 
317 C24P 7110 -702.5 
318 C24P 7170 -702.5 
319 C24P 7230 -702.5 
320 C24N 7290 -702.5 
321 C24N 7350 -702.5 
322 C24N 7410 -702.5 
323 VDDB 7470 -702.5 
324 VDDB 7530 -702.5 
325 VDDB 7590 -702.5 
326 VDDB 7650 -702.5 
327 VDDB 7710 -702.5 
328 VCL_VDDB 7770 -702.5 
329 VCL_VDDB 7830 -702.5 
330 VCL 7890 -702.5 
331 VCL 7950 -702.5 
332 VCL 8010 -702.5 
333 VCL_AVSS 8070 -702.5 
334 VCL_AVSS 8130 -702.5 
335 AVSS 8190 -702.5 
336 AVSS 8250 -702.5 
337 AVSS 8310 -702.5 
338 VSSB 8370 -702.5 
339 VSSB 8430 -702.5 
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340 VSSB 8490 -702.5 
341 VSSB 8550 -702.5 
342 C31P 8610 -702.5 
343 C31P 8670 -702.5 
344 C31P 8730 -702.5 
345 C31N 8790 -702.5 
346 C31N 8850 -702.5 
347 C31N 8910 -702.5 
348 C32P 8970 -702.5 
349 C32P 9030 -702.5 
350 C32P 9090 -702.5 
351 C32N 9150 -702.5 
352 C32N 9210 -702.5 
353 C32N 9270 -702.5 
354 DVDD 9330 -702.5 
355 DVDD 9390 -702.5 
356 DVDD 9450 -702.5 
357 DVSS 9510 -702.5 
358 DVSS 9570 -702.5 
359 DVSS 9630 -702.5 
360 C41P 9690 -702.5 
361 C41P 9750 -702.5 
362 C41N 9810 -702.5 
363 C41N 9870 -702.5 
364 VGH 9930 -702.5 
365 VGH 9990 -702.5 
366 VGHO 10050 -702.5 
367 VGHO 10110 -70245 
368 VRGH 10170 -702.5 
369 VRGH 10230 -702.5 
370 C51P 10290 -702.5 
371 C51P 10350 -702:5 
372 C51N 10410 -702.5 
373 C51N 10470 -702.5 
374 VGL_REG 10530 -702.5 
375 VGL_REG 10590 -702.5 
376 VGLO 10650 -702.5 
377 VGLO 10710 -702.5 
378 VGLX 10770 -702.5 
379 VGLX 10830 -702.5 
380 VGL 10890 -702.5 
381 VGL 10950 -702.5 
382 TEST4 11010 -702.5 
383 TESTS 11070 -702.5 
384 TEST6 11130 -702.5 
385 TEST7 11190 -702.5 
386 CONTACT2A 11250 -702.5 
387 CONTACT2B 11310 -702.5 
388 VCOM 11370 -702.5 
389 VCOM 11430 -702.5 
390 VCOM 11490 -702.5 
391 VCOM 11550 -702.5 
392 VCOM 11610 -702.5 
393 PADA2 11670 -702.5 
394 PADB2 11730 -702.5 
395 VSSIDUM2 11790 -702.5 
396 VSSIDUM3 11880 -702.5 
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397 VSSIDUM4 11760 705 
398 VSSIDUMS5 11732 560 
399 VSSIDUM6 11718 705 
400 PADA3 11704 560 
401 PADB3 11690 705 
402 VGHO 11676 560 
403 VGHO 11662 705 
404 VGHO 11648 560 
405 VGLO 11634 705 
406 VGLO 11620 560 
407 VGLO 11606 705 
408 GOUT1 11592 560 
409 GOUT1 11578 705 
410 GOUT2 11564 560 
411 GOUT2 11550 705 
412 LVGL 11536 560 
413 LVGL 11522 705 
414 LVGL 11508 560 
415 VRGH 11494 705 
416 VRGH 11480 560 
417 VRGH 11466 705 
418 VGLO 11452 560 
419 VGLO 11438 705 
420 VGLO 11424 560 
421 GOUT3 11410 705 
422 GOUT3 11396 560 
423 GOUT4 11382 705 
424 GOUT4 11368 560 
425 GOUT5 11354 705 
426 GOUT5 11340 560 
427 GOUT6 11326 705 
428 GOUT6 11312 560 
429 GOUT7 11298 705 
430 GOUT7 11284 560 
431 GOUT8 11270 705 
432 GOUT8 11256 560 
433 GOUT9 11242 705 
434 GOUT9 11228 560 
435 GOUT10 11214 705 
436 GOUT10 11200 560 
437 GOUT11 11186 705 
438 GOUT11 11172 560 
439 GOUT12 11158 705 
440 GOUT12 11144 560 
441 GOUT13 11130 705 
442 GOUT13 11116 560 
443 GOUT14 11102 705 
444 GOUT14 11088 560 
445 GOUT15 11074 705 
446 GOUT15 11060 560 
447 GOUT16 11046 705 
448 GOUT16 11032 560 
449 VGHO 11018 705 
450 VGHO 11004 560 
451 VGHO 10990 705 
452 VGHO 10976 560 
453 VGHO 10962 705 
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454 VGHO 10948 560 511 $42 10150 705 
455 VGHO 10934 705 512 $43 10136 560 
456 VGHO 10920 560 513 $44 10122 705 
457 VGLO 10906 705 514 $45 10108 560 
458 VGLO 10892 560 515 S46 10094 705 
459 VGLO 10878 705 516 S47 10080 560 
460 VGLO 10864 560 517 $48 10066 705 
461 VGLO 10850 705 518 S49 10052 560 
462 VGLO 10836 560 519 $50 10038 705 
463 VGLO 10822 705 520 $51 10024 560 
464 VGLO 10808 560 521 $52 10010 705 
465 VGLO 10794 705 522 $53 9996 560 
466 VSSIDUM7 10780 560 523 $54 9982 705 
467 VSSIDUM8 10766 705 524 $55 9968 560 
468 SDUMO 10752 560 525 S56 9954 705 
469 SDUM1 10738 705 526 S57 9940 560 
470 S1 10724 560 527 S58 9926 705 
471 S2 10710 705 528 S59 9912 560 
472 S3 10696 560 529 S60 9898 705 
473 S4 10682 705 530 S61 9884 560 
474 S5 10668 560 531 S62 9870 705 
475 S6 10654 705 532 S63 9856 560 
476 S7 10640 560 533 S64 9842 705 
477 S8 10626 705 534 S65 9828 560 
478 S9 10612 560 535 S66 9814 705 
479 S10 10598 705 536 S67 9800 560 
480 S11 10584 560 537 S68 9786 705 
481 S12 10570 705 538 S69 9772 560 
482 S13 10556 560 539 S70 9758 705 
483 S14 10542 705 540 S71 9744 560 
484 S15 10528 560 541 S72 9730 705 
485 S16 10514 705 542 S73 9716 560 
486 S17 10500 560 543 S74 9702 705 
487 S18 10486 705 544 S75 9688 560 
488 S19 10472 560 545 S76 9674 705 
489 S20 10458 705 546 S77 9660 560 
490 S21 10444 560 547 S78 9646 705 
491 S22 10430 705 548 S79 9632 560 
492 S23 10416 560 549 S80 9618 705 
493 S24 10402 705 550 S81 9604 560 
494 S25 10388 560 551 S82 9590 705 
495 S26 10374 705 552 S83 9576 560 
496 S27 10360 560 553 S84 9562 705 
497 S28 10346 705 554 S85 9548 560 
498 S29 10332 560 555 S86 9534 705 
499 S30 10318 705 556 S87 9520 560 
500 S31 10304 560 557 S88 9506 705 
501 S32 10290 705 558 S89 9492 560 
502 S33 10276 560 559 S90 9478 705 
503 S34 10262 705 560 S91 9464 560 
504 S35 10248 560 561 S92 9450 705 
505 S36 10234 705 562 S93 9436 560 
506 S37 10220 560 563 S94 9422 705 
507 S38 10206 705 564 S95 9408 560 
508 S39 10192 560 565 S96 9394 705 
509 S40 10178 705 566 S97 9380 560 
510 S41 10164 560 567 S98 9366 705 
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568 S99 9352 560 625 $156 8554 705 
569 $100 9338 705 626 $157 8540 560 
570 $101 9324 560 627 $158 8526 705 
571 $102 9310 705 628 $159 8512 560 
572 $103 9296 560 629 $160 8498 705 
573 $104 9282 705 630 S161 8484 560 
574 S105 9268 560 631 S162 8470 705 
575 S106 9254 705 632 $163 8456 560 
576 S107 9240 560 633 S164 8442 705 
577 S108 9226 705 634 S165 8428 560 
578 S109 9212 560 635 S166 8414 705 
579 S110 9198 705 636 S167 8400 560 
580 S111 9184 560 637 S168 8386 705 
581 S112 9170 705 638 S169 8372 560 
582 $113 9156 560 639 $170 8358 705 
583 $114 9142 705 640 $171 8344 560 
584 $115 9128 560 641 $172 8330 705 
585 S116 9114 705 642 S173 8316 560 
586 S117 9100 560 643 S174 8302 705 
587 S118 9086 705 644 S175 8288 560 
588 S119 9072 560 645 S176 8274 705 
589 S120 9058 705 646 S177 8260 560 
590 S121 9044 560 647 S178 8246 705 
591 S122 9030 705 648 S179 8232 560 
592 S123 9016 560 649 S180 8218 705 
593 S124 9002 705 650 S181 8204 560 
594 S125 8988 560 651 $182 8190 705 
595 $126 8974 705 652 $183 8176 560 
596 $127 8960 560 653 $184 8162 705 
597 $128 8946 705 654 $185 8148 560 
598 $129 8932 560 655 $186 8134 705 
599 $130 8918 705 656 S187 8120 560 
600 S131 8904 560 657 S188 8106 705 
601 S132 8890 705 658 S189 8092 560 
602 $133 8876 560 659 $190 8078 705 
603 $134 8862 705 660 $191 8064 560 
604 $135 8848 560 661 $192 8050 705 
605 $136 8834 705 662 $193 8036 560 
606 $137 8820 560 663 $194 8022 705 
607 $138 8806 705 664 $195 8008 560 
608 $139 8792 560 665 $196 7994 705 
609 $140 8778 705 666 $197 7980 560 
610 $141 8764 560 667 $198 7966 705 
611 $142 8750 705 668 $199 7952 560 
612 $143 8736 560 669 $200 7938 705 
613 $144 8722 705 670 $201 7924 560 
614 $145 8708 560 671 $202 7910 705 
615 $146 8694 705 672 $203 7896 560 
616 $147 8680 560 673 $204 7882 705 
617 $148 8666 705 674 $205 7868 560 
618 $149 8652 560 675 $206 7854 705 
619 $150 8638 705 676 $207 7840 560 
620 $151 8624 560 677 $208 7826 705 
621 $152 8610 705 678 $209 7812 560 
622 $153 8596 560 679 $210 7798 705 
623 S154 8582 705 680 S211 7784 560 
624 S155 8568 560 681 S212 7770 705 
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682 $213 7756 560 739 $270 6958 705 
683 $214 7742 705 740 $271 6944 560 
684 $215 7728 560 741 $272 6930 705 
685 $216 7714 705 742 $273 6916 560 
686 $217 7700 560 743 $274 6902 705 
687 $218 7686 705 744 $275 6888 560 
688 $219 7672 560 745 $276 6874 705 
689 $220 7658 705 746 $277 6860 560 
690 $221 7644 560 747 S278 6846 705 
691 S222 7630 705 748 S279 6832 560 
692 S223 7616 560 749 S280 6818 705 
693 S224 7602 705 750 S281 6804 560 
694 S225 7588 560 751 S282 6790 705 
695 S226 7574 705 752 S283 6776 560 
696 S227 7560 560 753 $284 6762 705 
697 $228 7546 705 754 $285 6748 560 
698 $229 7532 560 755 $286 6734 705 
699 $230 7518 705 756 $287 6720 560 
700 $231 7504 560 757 S288 6706 705 
701 S232 7490 705 758 S289 6692 560 
702 S233 7476 560 759 S290 6678 705 
703 S234 7462 705 760 S291 6664 560 
704 S235 7448 560 761 S292 6650 705 
705 S236 7434 705 762 S293 6636 560 
706 S237 7420 560 763 S294 6622 705 
707 S238 7406 705 764 S295 6608 560 
708 S239 7392 560 765 S296 6594 705 
709 S240 7378 705 766 S297 6580 560 
710 S241 7364 560 767 S298 6566 705 
711 S242 7350 705 768 S299 6552 560 
712 S243 7336 560 769 $300 6538 705 
713 S244 7322 705 770 S301 6524 560 
714 S245 7308 560 771 S302 6510 705 
715 S246 7294 705 772 S303 6496 560 
716 S247 7280 560 773 S304 6482 705 
717 S248 7266 705 774 S305 6468 560 
718 S249 7252 560 775 S306 6454 705 
719 S250 7238 705 776 S307 6440 560 
720 S251 7224 560 777 S308 6426 705 
721 S252 7210 705 778 S309 6412 560 
722 S253 7196 560 779 S310 6398 705 
123 $254 7182 705 780 $311 6384 560 
724 $255 7168 560 781 $312 6370 705 
725 S256 7154 705 782 $313 6356 560 
726 S257 7140 560 783 $314 6342 705 
727 $258 7126 705 784 $315 6328 560 
728 S259 7112 560 785 S316 6314 705 
729 S260 7098 705 786 S317 6300 560 
730 S261 7084 560 787 $318 6286 705 
731 $262 7070 705 788 $319 6272 560 
732 S263 7056 560 789 S320 6258 705 
733 S264 7042 705 790 $321 6244 560 
734 $265 7028 560 791 $322 6230 705 
735 S266 7014 705 792 $323 6216 560 
736 S267 7000 560 793 $324 6202 705 
737 S268 6986 705 794 S325 6188 560 
738 S269 6972 560 795 S326 6174 705 
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796 $327 6160 560 853 $384 5362 705 
797 S328 6146 705 854 S385 5348 560 
798 S329 6132 560 855 S386 5334 705 
799 S330 6118 705 856 S387 5320 560 
800 S331 6104 560 857 S388 5306 705 
801 S332 6090 705 858 S389 5292 560 
802 S333 6076 560 859 S390 5278 705 
803 $334 6062 705 860 $391 5264 560 
804 $335 6048 560 861 $392 5250 705 
805 $336 6034 705 862 $393 5236 560 
806 $337 6020 560 863 $394 5222 705 
807 $338 6006 705 864 $395 5208 560 
808 $339 5992 560 865 $396 5194 705 
809 $340 5978 705 866 $397 5180 560 
810 $341 5964 560 867 $398 5166 705 
811 $342 5950 705 868 $399 5152 560 
812 $343 5936 560 869 $400 5138 705 
813 $344 5922 705 870 $401 5124 560 
814 $345 5908 560 871 $402 5110 705 
815 $346 5894 705 872 $403 5096 560 
816 S347 5880 560 873 S404 5082 705 
817 $348 5866 705 874 $405 5068 560 
818 $349 5852 560 875 S406 5054 705 
819 $350 5838 705 876 $407 5040 560 
820 $351 5824 560 877 $408 5026 705 
821 $352 5810 705 878 $409 5012 560 
822 $353 5796 560 879 $410 4998 705 
823 $354 5782 705 880 S411 4984 560 
824 S355 5768 560 881 $412 4970 705 
825 S356 5754 705 882 8413 4956 560 
826 S357 5740. 560 883 $414 4942 705 
827 $358 5726 705 884 $415 4928 560 
828 $359 5712 560 885 $416 4914 705 
829 S360 5698 705 886 $417 4900 560 
830 $361 5684 560 887 $418 4886 705 
831 $362 5670 705 888 $419 4872 560 
832 S363 5656 560 889 S420 4858 705 
833 S364 5642 705 890 $421 4844 560 
834 S365 5628 560 891 $422 4830 705 
835 S366 5614 705 892 $423 4816 560 
836 S367 5600 560 893 $424 4802 705 
837 S368 5586 705 894 $425 4788 560 
838 S369 5572 560 895 $426 4774 705 
839 $370 5558 705 896 $427 4760 560 
840 $371 5544 560 897 $428 4746 705 
841 $372 5530 705 898 $429 4732 560 
842 $373 5516 560 899 $430 4718 705 
843 $374 5502 705 900 $431 4704 560 
844 $375 5488 560 901 $432 4690 705 
845 $376 5474 705 902 $433 4676 560 
846 $377 5460 560 903 $434 4662 705 
847 $378 5446 705 904 $435 4648 560 
848 $379 5432 560 905 $436 4634 705 
849 $380 5418 705 906 $437 4620 560 
850 $381 5404 560 907 $438 4606 705 
851 $382 5390 705 908 $439 4592 560 
852 $383 5376 560 909 $440 4578 705 
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910 S441 4564 560 967 $498 3766 705 
911 $442 4550 705 968 $499 3752 560 
912 $443 4536 560 969 $500 3738 705 
913 S444 4522 705 970 $501 3724 560 
914 S445 4508 560 971 $502 3710 705 
915 S446 4494 705 972 $503 3696 560 
916 S447 4480 560 973 $504 3682 705 
917 S448 4466 705 974 $505 3668 560 
918 S449 4452 560 975 $506 3654 705 
919 S450 4438 705 976 $507 3640 560 
920 $451 4424 560 977 $508 3626 705 
921 $452 4410 705 978 $509 3612 560 
922 $453 4396 560 979 $510 3598 705 
923 $454 4382 705 980 $511 3584 560 
924 S455 4368 560 981 $512 3570 705 
925 S456 4354 705 982 $513 3556 560 
926 S457 4340 560 983 $514 3542 705 
927 S458 4326 705 984 $515 3528 560 
928 S459 4312 560 985 S516 3514 705 
929 S460 4298 705 986 $517 3500 560 
930 S461 4284 560 987 $518 3486 705 
931 S462 4270 705 988 $519 3472 560 
932 S463 4256 560 989 $520 3458 705 
933 S464 4242 705 990 $521 3444 560 
934 S465 4228 560 991 $522 3430 705 
935 S466 4214 705 992 $523 3416 560 
936 S467 4200 560 993 $524 3402 705 
937 S468 4186 705 994 $525 3388 560 
938 S469 4172 560 995 $526 3374 705 
939 $470 4158 705 996 $527 3360 560 
940 S471 4144 560 997 $528 3346 705 
941 $472 4130 705 998 S529 3332 560 
942 S473 4116 560 999 S530 3318 705 
943 S474 4102 705 1000 $531 3304 560 
944 $475 4088 560 1001 $532 3290 705 
945 S476 4074 705 1002 $533 3276 560 
946 S477 4060 560 1003 $534 3262 705 
947 $478 4046 705 1004 $535 3248 560 
948 $479 4032 560 1005 $536 3234 705 
949 S480 4018 705 1006 $537 3220 560 
950 $481 4004 560 1007 $538 3206 705 
951 $482 3990 705 1008 $539 3192 560 
952 $483 3976 560 1009 $540 3178 705 
953 $484 3962 705 1010 $541 3164 560 
954 S485 3948 560 1011 $542 3150 705 
955 S486 3934 705 1012 $543 3136 560 
956 S487 3920 560 1013 $544 3122 705 
957 S488 3906 705 1014 $545 3108 560 
958 S489 3892 560 1015 $546 3094 705 
959 $490 3878 705 1016 $547 3080 560 
960 $491 3864 560 1017 $548 3066 705 
961 $492 3850 705 1018 $549 3052 560 
962 $493 3836 560 1019 $550 3038 705 
963 S494 3822 705 1020 $551 3024 560 
964 S495 3808 560 1021 $552 3010 705 
965 S496 3794 705 1022 $553 2996 560 
966 S497 3780 560 1023 $554 2982 705 
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1024 $555 2968 560 1081 $612 2170 705 
1025 S556 2954 705 1082 S613 2156 560 
1026 S557 2940 560 1083 S614 2142 705 
1027 S558 2926 705 1084 S615 2128 560 
1028 S559 2912 560 1085 S616 2114 705 
1029 S560 2898 705 1086 S617 2100 560 
1030 S561 2884 560 1087 S618 2086 705 
1031 S562 2870 705 1088 S619 2072 560 
1032 S563 2856 560 1089 S620 2058 705 
1033 S564 2842 705 1090 S621 2044 560 
1034 S565 2828 560 1091 S622 2030 705 
1035 S566 2814 705 1092 S623 2016 560 
1036 S567 2800 560 1093 S624 2002 705 
1037 S568 2786 705 1094 S625 1988 560 
1038 S569 2772 560 1095 S626 1974 705 
1039 S570 2758 705 1096 $627 1960 560 
1040 $571 2744 560 1097 $628 1946 705 
1041 $572 2730 705 1098 $629 1932 560 
1042 $573 2716 560 1099 S630 1918 705 
1043 $574 2702 705 1100 $631 1904 560 
1044 $575 2688 560 1101 $632 1890 705 
1045 $576 2674 705 1102 $633 1876 560 
1046 S577 2660 560 1103 S634 1862 705 
1047 $578 2646 705 1104 $635 1848 560 
1048 $579 2632 560 1105 $636 1834 705 
1049 $580 2618 705 1106 $637 1820 560 
1050 $581 2604 560 1107 $638 1806 705 
1051 $582 2590 705 1108 $639 1792 560 
1052 $583 2576 560 1109 $640 1778 705 
1053 $584 2562 705 1110 S641 1764 560 
1054 S585 2548 560 1111 S642 1750 705 
1055 S586 2534 705 1112 S643 1736 560 
1056 S587 2520 560 1113 S644 1722 705 
1057 S588 2506 705 1114 S645 1708 560 
1058 S589 2492 560 1115 S646 1694 705 
1059 S590 2478 705 1116 S647 1680 560 
1060 S591 2464 560 1117 S648 1666 705 
1061 S592 2450 705 1118 S649 1652 560 
1062 S593 2436 560 1119 S650 1638 705 
1063 S594 2422 705 1120 S651 1624 560 
1064 S595 2408 560 1121 S652 1610 705 
1065 S596 2394 705 1122 S653 1596 560 
1066 S597 2380 560 1123 S654 1582 705 
1067 S598 2366 705 1124 S655 1568 560 
1068 S599 2352 560 1125 S656 1554 705 
1069 S600 2338 705 1126 S657 1540 560 
1070 S601 2324 560 1127 S658 1526 705 
1071 S602 2310 705 1128 S659 1512 560 
1072 S603 2296 560 1129 S660 1498 705 
1073 S604 2282 705 1130 S661 1484 560 
1074 S605 2268 560 1131 S662 1470 705 
1075 S606 2254 705 1132 S663 1456 560 
1076 S607 2240 560 1133 S664 1442 705 
1077 S608 2226 705 1134 S665 1428 560 
1078 S609 2212 560 1135 S666 1414 705 
1079 S610 2198 705 1136 S667 1400 560 
1080 S611 2184 560 1137 S668 1386 705 
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1138 S669 1372 560 
1139 S670 1358 705 
1140 S671 1344 560 
1141 $672 1330 705 
1142 $673 1316 560 
1143 S674 1302 705 
1144 $675 1288 560 
1145 S676 1274 705 
1146 S677 1260 560 
1147 $678 1246 705 
1148 $679 1232 560 
1149 S680 1218 705 
1150 S681 1204 560 
1151 S682 1190 705 
1152 S683 1176 560 
1153 S684 1162 705 
1154 S685 1148 560 
1155 S686 1134 705 
1156 S687 1120 560 
1157 S688 1106 705 
1158 S689 1092 560 
1159 S690 1078 705 
1160 S691 1064 560 
1161 S692 1050 705 
1162 S693 1036 560 
1163 S694 1022 705 
1164 S695 1008 560 
1165 S696 994 705 
1166 S697 980 560 
1167 S698 966 705 
1168 S699 952 560 
1169 S700 938 705 
1170 S701 924 560 
1171 S702 910 705 
1172 S703 896 560 
1173 S704 882 705 
1174 S705 868. 560 
1175 S706 854 705 
1176 S707 840 560 
1177 S708 826 705 
1178 S709 812 560 
1179 $710 798 705 
1180 $711 784 560 
1181 $712 770 705 
1182 $713 756 560 
1183 $714 742 705 
1184 $715 728 560 
1185 S716 714 705 
1186 S717 700 560 
1187 $718 686 705 
1188 $719 672 560 
1189 $720 658 705 
1190 VSSIDUM9 644 560 
1191 VSSIDUM10 630 705 
1192 VSSIDUM11 616 560 
1193 VSSIDUM12 602 705 
1194 VSSIDUM13 588 560 
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1195 VSSIDUM14 574 705 
1196 VSSIDUM15 560 560 
1197 VSSIDUM16 546 705 
1198 VSSIDUM17 532 560 
1199 VSSIDUM18 518 705 
1200 VSSIDUM19 504 560 
1201 VSSIDUM20 490 705 
1202 VSSIDUM21 476 560 
1203 VSSIDUM22 462 705 
1204 VSSIDUM23 448 560 
1205 VSSIDUM24 434 705 
1206 VSSIDUM25 420 560 
1207 VSSIDUM26 406 705 
1208 VSSIDUM27 392 560 
1209 VSSIDUM28 378 705 
1210 VSSIDUM29 364 560 
1211 VSSIDUM30 350 705 
1212 VSSIDUM31 336 560 
1213 VSSIDUM32 322 705 
1214 VSSIDUM33 308 560 
1215 VSSIDUM34 294 705 
1216 VSSIDUM35 280 560 
1217 VSSIDUM36 266 705 
1218 VSSIDUM37 252 560 
1219 VSSIDUM38 238 705 
1220 VSSIDUM39 224 560 
1221 VSSIDUM40 210 705 
1222 VSSIDUM41 196 560 
1223 VSSIDUM42 182 705 
1224 VSSIDUM43 168 560 
1225 VSSIDUM44 154 705 
1226 VSSIDUM45 140 560 
1227 VSSIDUM46 126 705 
1228 VSSIDUM47 112 560 
1229 VSSIDUM48 98 705 
1230 VSSIDUM49 84 560 
1231 VSSIDUM50 70 705 
1232 VSSIDUM51 56 560 
1233 VSSIDUM52 42 705 
1234 VSSIDUM53 28 560 
1235 VSSIDUM54 14 705 
1236 VSSIDUM55 0 560 
1237 VSSIDUM56 -14 705 
1238 VSSIDUM57 -28 560 
1239 $721 -42 705 
1240 $722 -56 560 
1241 $723 -70 705 
1242 $724 -84 560 
1243 $725 -98 705 
1244 $726 -112 560 
1245 $727 -126 705 
1246 $728 -140 560 
1247 $729 -154 705 
1248 $730 -168 560 
1249 $731 -182 705 
1250 $732 -196 560 
1251 $733 -210 705 
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1252 $734 -224 560 1309 $791 -1022 705 
1253 $735 -238 705 1310 $792 -1036 560 
1254 $736 -252 560 1311 $793 -1050 705 
1255 $737 -266 705 1312 $794 -1064 560 
1256 $738 -280 560 1313 $795 -1078 705 
1257 $739 -294 705 1314 $796 -1092 560 
1258 $740 -308 560 1315 S797 -1106 705 
1259 S741 -322 705 1316 S798 -1120 560 
1260 S742 -336 560 1317 S799 -1134 705 
1261 S743 -350 705 1318 S800 -1148 560 
1262 S744 -364 560 1319 S801 -1162 705 
1263 S745 -378 705 1320 S802 -1176 560 
1264 S746 -392 560 1321 S803 -1190 705 
1265 S747 -406 705 1322 S804 -1204 560 
1266 S748 -420 560 1323 S805 -1218 705 
1267 $749 -434 705 1324 $806 -1232 560 
1268 S750 -448 560 1325 S807 -1246 705 
1269 S751 -462 705 1326 S808 -1260 560 
1270 S752 -476 560 1327 S809 -1274 705 
1271 S753 -490 705 1328 $810 -1288 560 
1272 $754 -504 560 1329 $811 -1302 705 
1273 $755 -518 705 1330 $812 -1316 560 
1274 S756 -532 560 1331 S813 -1330 705 
1275 S757 -546 705 1332 $814 -1344 560 
1276 $758 -560 560 1333 S815 -1358 705 
1277 S759 -574 705 1334 S816 -1372 560 
1278 S760 -588 560 1335 S817 -1386 705 
1279 S761 -602 705 1336 S818 -1400 560 
1280 S762 -616 560 1337 S819 -1414 705 
1281 S763 -630 705 1338 S820 -1428 560 
1282 S764 -644 560 1339 S821 -1442 705 
1283 S765 -658 705 1340 S822 -1456 560 
1284 S766 -672 560 1341 S823 -1470 705 
1285 S767 -686 705 1342 S824 -1484 560 
1286 S768 -700 560 1343 S825 -1498 705 
1287 S769 ~714 705 1344 $826 -1512 560 
1288 S770 -728 560 1345 S827 -1526 705 
1289 S771 -742 705 1346 S828 -1540 560 
1290 S772 -756 560 1347 S829 -1554 705 
1291 S773 -770 705 1348 S830 -1568 560 
1292 S774 -784 560 1349 S831 -1582 705 
1293 S775 -798 705 1350 $832 -1596 560 
1294 S776 -812 560 1351 $833 -1610 705 
1295 S777 -826 705 1352 S834 -1624 560 
1296 S778 -840 560 1353 S835 -1638 705 
1297 S779 -854 705 1354 S836 -1652 560 
1298 S780 -868 560 1355 S837 -1666 705 
1299 S781 -882 705 1356 S838 -1680 560 
1300 S782 -896 560 1357 S839 -1694 705 
1301 $783 -910 705 1358 $840 -1708 560 
1302 $784 -924 560 1359 $841 -1722 705 
1303 $785 -938 705 1360 $842 -1736 560 
1304 S786 -952 560 1361 $843 -1750 705 
1305 S787 -966 705 1362 $844 -1764 560 
1306 S788 -980 560 1363 $845 -1778 705 
1307 S789 -994 705 1364 S846 -1792 560 
1308 S790 -1008 560 1365 S847 -1806 705 
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1366 $848 -1820 560 1423 $905 -2618 705 
1367 $849 -1834 705 1424 $906 -2632 560 
1368 S850 -1848 560 1425 S907 -2646 705 
1369 S851 -1862 705 1426 S908 -2660 560 
1370 S852 -1876 560 1427 S909 -2674 705 
1371 S853 -1890 705 1428 S910 -2688 560 
1372 S854 -1904 560 1429 S911 -2702 705 
1373 S855 -1918 705 1430 S912 -2716 560 
1374 S856 -1932 560 1431 S913 -2730 705 
1375 S857 -1946 705 1432 S914 -2744 560 
1376 S858 -1960 560 1433 S915 -2758 705 
1377 S859 -1974 705 1434 S916 -2112 560 
1378 S860 -1988 560 1435 S917 -2786 705 
1379 S861 -2002 705 1436 S918 -2800 560 
1380 S862 -2016 560 1437 S919 -2814 705 
1381 S863 -2030 705 1438 S920 -2828 560 
1382 S864 -2044 560 1439 $921 -2842 705 
1383 S865 -2058 705 1440 $922 -2856 560 
1384 S866 -2072 560 1441 $923 -2870 705 
1385 S867 -2086 705 1442 $924 -2884 560 
1386 S868 -2100 560 1443 $925 -2898 705 
1387 S869 -2114 705 1444 $926 -2912 560 
1388 $870 -2128 560 1445 S927 -2926 705 
1389 S871 -2142 705 1446 S928 -2940 560 
1390 S872 -2156 560 1447 S929 -2954 705 
1391 S873 -2170 705 1448 S930 -2968 560 
1392 S874 -2184 560 1449 S931 -2982 705 
1393 S875 -2198 705 1450 S932 -2996 560 
1394 S876 -2212 560 1451 S933 -3010 705 
1395 S877 -2226 705 1452 S934 -3024 560 
1396 S878 -2240 560 1453 S935 -3038 705 
1397 S879 -2254 705 1454 S936 -3052 560 
1398 S880 -2268 560 1455 S937 -3066 705 
1399 S881 -2282 705 1456 S938 -3080 560 
1400 S882 -2296 560 1457 S939 -3094 705 
1401 S883 =2310 705 1458 $940 -3108 560 
1402 S884 -2324 560 1459 S941 -3122 705 
1403 S885 -2338 705 1460 S942 -3136 560 
1404 S886 -2352 560 1461 $943 -3150 705 
1405 S887 -2366 705 1462 $944 -3164 560 
1406 S888 -2380 560 1463 S945 -3178 705 
1407 S889 -2394 705 1464 S946 -3192 560 
1408 S890 -2408 560 1465 S947 -3206 705 
1409 S891 -2422 705 1466 S948 -3220 560 
1410 S892 -2436 560 1467 S949 -3234 705 
1411 $893 -2450 705 1468 $950 -3248 560 
1412 S894 -2464 560 1469 S951 -3262 705 
1413 S895 -2478 705 1470 S952 -3276 560 
1414 S896 -2492 560 1471 S953 -3290 705 
1415 S897 -2506 705 1472 S954 -3304 560 
1416 S898 -2520 560 1473 S955 -3318 705 
1417 S899 -2534 705 1474 S956 -3332 560 
1418 S900 -2548 560 1475 S957 -3346 705 
1419 S901 -2562 705 1476 S958 -3360 560 
1420 S902 -2576 560 1477 S959 -3374 705 
1421 S903 -2590 705 1478 S960 -3388 560 
1422 S904 -2604 560 1479 S961 -3402 705 
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1480 S962 -3416 560 1537 S1019 -4214 705 
1481 S963 -3430 705 1538 S1020 -4228 560 
1482 S964 -3444 560 1539 S1021 -4242 705 
1483 S965 -3458 705 1540 S1022 -4256 560 
1484 S966 -3472 560 1541 S1023 -4270 705 
1485 S967 -3486 705 1542 S1024 -4284 560 
1486 S968 -3500 560 1543 S1025 -4298 705 
1487 S969 -3514 705 1544 S1026 -4312 560 
1488 S970 -3528 560 1545 S1027 -4326 705 
1489 S971 -3542 705 1546 S1028 -4340 560 
1490 S972 -3556 560 1547 S1029 -4354 705 
1491 S973 -3570 705 1548 S1030 -4368 560 
1492 S974 -3584 560 1549 S1031 -4382 705 
1493 S975 -3598 705 1550 S1032 -4396 560 
1494 S976 -3612 560 1551 S1033 -4410 705 
1495 S977 -3626 705 1552 S1034 -4424 560 
1496 S978 -3640 560 1553 $1035 -4438 705 
1497 S979 -3654 705 1554 S1036 -4452 560 
1498 S980 -3668 560 1555 S1037 -4466 705 
1499 S981 -3682 705 1556 S1038 -4480 560 
1500 S982 -3696 560 1557 S1039 -4494 705 
1501 S983 -3710 705 1558 S1040 -4508 560 
1502 S984 -3724 560 1559 S1041 -4522 705 
1503 S985 -3738 705 1560 $1042 -4536 560 
1504 S986 -3752 560 1561 $1043 -4550 705 
1505 S987 -3766 705 1562 $1044 -4564 560 
1506 S988 -3780 560 1563 $1045 -4578 705 
1507 S989 -3794 705 1564 S1046 -4592 560 
1508 S990 -3808 560 1565 S1047 -4606 705 
1509 S991 -3822 705 1566 S1048 -4620 560 
1510 S992 -3836 560 1567 S1049 -4634 705 
1511 S993 -3850 705 1568 S1050 -4648 560 
1512 S994 -3864 560 1569 S1051 -4662 705 
1513 S995 -3878 705 1570 S1052 -4676 560 
1514 S996 -3892 560 1571 S1053 -4690 705 
1515 S997 =3906 705 1572 $1054 -4704 560 
1516 S998 -3920 560 1573 $1055 -4718 705 
1517 S999 -3934 705 1574 $1056 -4732 560 
1518 $1000 -3948 560 1575 $1057 -4746 705 
1519 $1001 -3962 705 1576 $1058 -4760 560 
1520 $1002 -3976 560 1577 $1059 -4774 705 
1524 $1003 -3990 705 1578 $1060 -4788 560 
1522 $1004 -4004 560 1579 $1061 -4802 705 
1523 $1005 -4018 705 1580 $1062 -4816 560 
1524 $1006 -4032 560 1581 $1063 -4830 705 
1525 $1007 -4046 705 1582 $1064 -4844 560 
1526 $1008 -4060 560 1583 $1065 -4858 705 
1527 $1009 -4074 705 1584 $1066 -4872 560 
1528 $1010 -4088 560 1585 $1067 -4886 705 
1529 $1011 -4102 705 1586 $1068 -4900 560 
1530 $1012 -4116 560 1587 $1069 -4914 705 
1531 $1013 -4130 705 1588 $1070 -4928 560 
1532 $1014 -4144 560 1589 $1071 -4942 705 
1533 $1015 -4158 705 1590 $1072 -4956 560 
1534 $1016 -4172 560 1591 $1073 -4970 705 
1535 $1017 -4186 705 1592 $1074 -4984 560 
1536 $1018 -4200 560 1593 $1075 -4998 705 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page35 


1594 $1076 -5012 560 1651 $1133 -5810 705 
1595 S1077 -5026 705 1652 S1134 -5824 560 
1596 S1078 -5040 560 1653 $1135 -5838 705 
1597 $1079 -5054 705 1654 $1136 -5852 560 
1598 $1080 -5068 560 1655 $1137 -5866 705 
1599 $1081 -5082 705 1656 $1138 -5880 560 
1600 $1082 -5096 560 1657 $1139 -5894 705 
1601 $1083 -5110 705 1658 $1140 -5908 560 
1602 $1084 -5124 560 1659 $1141 -5922 705 
1603 $1085 -5138 705 1660 $1142 -5936 560 
1604 $1086 -5152 560 1661 $1143 -5950 705 
1605 $1087 -5166 705 1662 $1144 -5964 560 
1606 $1088 -5180 560 1663 $1145 -5978 705 
1607 $1089 -5194 705 1664 $1146 -5992 560 
1608 $1090 -5208 560 1665 $1147 -6006 705 
1609 $1091 -5222 705 1666 $1148 -6020 560 
1610 $1092 -5236 560 1667 $1149 -6034 705 
1611 $1093 -5250 705 1668 $1150 -6048 560 
1612 $1094 -5264 560 1669 $1151 -6062 705 
1613 $1095 -5278 705 1670 $1152 -6076 560 
1614 $1096 -5292 560 1671 $1153 -6090 705 
1615 $1097 -5306 705 1672 $1154 -6104 560 
1616 $1098 -5320 560 1673 $1155 -6118 705 
1617 $1099 -5334 705 1674 $1156 -6132 560 
1618 $1100 -5348 560 1675 $1157 -6146 705 
1619 $1101 -5362 705 1676 $1158 -6160 560 
1620 $1102 -5376 560 1677 $1159 -6174 705 
1621 $1103 -5390 705 1678 S1160 -6188 560 
1622 S1104 -5404 560 1679 S1161 -6202 705 
1623 S1105 -5418 705 1680 S1162 -6216 560 
1624 S1106 -5432 560 1681 S1163 -6230 705 
1625 S1107 -5446 705 1682 S1164 -6244 560 
1626 S1108 -5460 560 1683 S1165 -6258 705 
1627 S1109 -5474 705 1684 S1166 -6272 560 
1628 S1110 -5488 560 1685 S1167 -6286 705 
1629 S1111 25502 705 1686 S1168 -6300 560 
1630 S1112 -5546 560 1687 S1169 -6314 705 
1631 S1113 -5530 705 1688 S1170 -6328 560 
1632 S1114 -5544 560 1689 S1171 -6342 705 
1633 S1115 -5558 705 1690 S1172 -6356 560 
1634 S1116 -5572 560 1691 S1173 -6370 705 
1635 S1117 -5586 705 1692 S1174 -6384 560 
1636 S1118 -5600 560 1693 S1175 -6398 705 
1637 S1119 -5614 705 1694 S1176 -6412 560 
1638 S1120 -5628 560 1695 S1177 -6426 705 
1639 S1121 -5642 705 1696 S1178 -6440 560 
1640 S1122 -5656 560 1697 S1179 -6454 705 
1641 S1123 -5670 705 1698 S1180 -6468 560 
1642 S1124 -5684 560 1699 S1181 -6482 705 
1643 S1125 -5698 705 1700 S1182 -6496 560 
1644 S1126 -5712 560 1701 S1183 -6510 705 
1645 S1127 -5726 705 1702 S1184 -6524 560 
1646 S1128 -5740 560 1703 S1185 -6538 705 
1647 S1129 -5754 705 1704 S1186 -6552 560 
1648 S1130 -5768 560 1705 S1187 -6566 705 
1649 S1131 -5782 705 1706 S1188 -6580 560 
1650 S1132 -5796 560 1707 S1189 -6594 705 
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1708 $1190 -6608 560 1765 $1247 -7406 705 
1709 $1191 -6622 705 1766 $1248 -7420 560 
1710 $1192 -6636 560 1767 $1249 -7434 705 
1711 $1193 -6650 705 1768 $1250 -7448 560 
1712 $1194 -6664 560 1769 $1251 -7462 705 
1713 $1195 -6678 705 1770 $1252 -7476 560 
1714 $1196 -6692 560 1771 $1253 -7490 705 
1715 $1197 -6706 705 1772 $1254 -7504 560 
1716 $1198 -6720 560 1773 $1255 -7518 705 
1717 $1199 -6734 705 1774 $1256 -7532 560 
1718 $1200 -6748 560 1775 $1257 -1546 705 
1719 S1201 -6762 705 1776 S1258 -7560 560 
1720 S1202 -6776 560 1777 S1259 -7574 705 
1721 S1203 -6790 705 1778 S1260 -7588 560 
1722 S1204 -6804 560 1779 S1261 -7602 705 
1723 S1205 -6818 705 1780 S1262 -7616 560 
1724 S1206 -6832 560 1781 $1263 -7630 705 
1725 $1207 -6846 705 1782 $1264 -7644 560 
1726 $1208 -6860 560 1783 $1265 -7658 705 
1727 $1209 -6874 705 1784 $1266 -7672 560 
1728 $1210 -6888 560 1785 $1267 -7686 705 
1729 $1211 -6902 705 1786 $1268 -7700 560 
1730 $1212 -6916 560 1787 $1269 -7714 705 
1731 $1213 -6930 705 1788 $1270 -7728 560 
1732 $1214 -6944 560 1789 $1271 -7742 705 
1733 S1215 -6958 705 1790 S1272 -7756 560 
1734 S1216 -6972 560 1791 S1273 -7770 705 
1735 S1217 -6986 705 1792 S1274 -7784 560 
1736 S1218 -7000 560 1793 S1275 -7798 705 
1737 S1219 -7014 705 1794 S1276 -7812 560 
1738 S1220 -7028 560 1795 S1277 -7826 705 
1739 S1221 -7042 705 1796 S1278 -7840 560 
1740 S1222 -7056 560 1797 S1279 -7854 705 
1741 S1223 -7070 705 1798 $1280 -7868 560 
1742 $1224 -7084 560 1799 $1281 -7882 705 
1743 $1225 =7098 705 1800 $1282 -7896 560 
1744 $1226 -7112 560 1801 $1283 -7910 705 
1745 $1227 -7126 705 1802 S1284 -7924 560 
1746 $1228 -7140 560 1803 $1285 -7938 705 
1747 $1229 -7154 705 1804 $1286 -7952 560 
1748 $1230 -7168 560 1805 $1287 -7966 705 
1749 $1231 -7182 705 1806 $1288 -7980 560 
1750 $1232 -7196 560 1807 $1289 -7994 705 
1751 $1233 -7210 705 1808 $1290 -8008 560 
1752 $1234 -7224 560 1809 S1291 -8022 705 
1753 S1235 -7238 705 1810 S1292 -8036 560 
1754 S1236 -7252 560 1811 S1293 -8050 705 
1755 S1237 -7266 705 1812 S1294 -8064 560 
1756 S1238 -7280 560 1813 S1295 -8078 705 
1757 S1239 -7294 705 1814 S1296 -8092 560 
1758 S1240 -7308 560 1815 S1297 -8106 705 
1759 S1241 -7322 705 1816 S1298 -8120 560 
1760 S1242 -7336 560 1817 S1299 -8134 705 
1761 S1243 -7350 705 1818 S1300 -8148 560 
1762 S1244 -7364 560 1819 S1301 -8162 705 
1763 S1245 -7378 705 1820 S1302 -8176 560 
1764 S1246 -7392 560 1821 S1303 -8190 705 
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1822 $1304 -8204 560 1879 $1361 -9002 705 
1823 $1305 -8218 705 1880 $1362 -9016 560 
1824 $1306 -8232 560 1881 $1363 -9030 705 
1825 $1307 -8246 705 1882 $1364 -9044 560 
1826 $1308 -8260 560 1883 $1365 -9058 705 
1827 $1309 -8274 705 1884 $1366 -9072 560 
1828 $1310 -8288 560 1885 $1367 -9086 705 
1829 $1311 -8302 705 1886 $1368 -9100 560 
1830 $1312 -8316 560 1887 $1369 -9114 705 
1831 $1313 -8330 705 1888 $1370 -9128 560 
1832 $1314 -8344 560 1889 $1371 -9142 705 
1833 $1315 -8358 705 1890 $1372 -9156 560 
1834 $1316 -8372 560 1891 $1373 -9170 705 
1835 $1317 -8386 705 1892 $1374 -9184 560 
1836 $1318 -8400 560 1893 $1375 -9198 705 
1837 S1319 -8414 705 1894 S1376 -9212 560 
1838 S1320 -8428 560 1895 $1377 -9226 705 
1839 $1321 -8442 705 1896 S1378 -9240 560 
1840 S1322 -8456 560 1897 $1379 -9254 705 
1841 $1323 -8470 705 1898 $1380 -9268 560 
1842 $1324 -8484 560 1899 $1381 -9282 705 
1843 $1325 -8498 705 1900 $1382 -9296 560 
1844 $1326 -8512 560 1901 $1383 -9310 705 
1845 $1327 -8526 705 1902 $1384 -9324 560 
1846 $1328 -8540 560 1903 $1385 -9338 705 
1847 $1329 -8554 705 1904 $1386 -9352 560 
1848 $1330 -8568 560 1905 $1387 -9366 705 
1849 $1331 -8582 705 1906 S1388 -9380 560 
1850 S1332 -8596 560 1907 S1389 -9394 705 
1851 $1333 -8610 705 1908 S1390 -9408 560 
1852 S1334 -8624 560 1909 S1391 -9422 705 
1853 S1335 -8638 705 1910 S1392 -9436 560 
1854 S1336 -8652 560 1911 S1393 -9450 705 
1855 S1337 -8666 705 1912 $1394 -9464 560 
1856 $1338 -8680 560 1913 $1395 -9478 705 
1857 $1339 =8694 705 1914 $1396 -9492 560 
1858 $1340 -8708 560 1915 $1397 -9506 705 
1859 $1341 -8722 705 1916 S1398 -9520 560 
1860 $1342 -8736 560 1917 $1399 -9534 705 
1861 $1343 -8750 705 1918 $1400 -9548 560 
1862 $1344 -8764 560 1919 $1401 -9562 705 
1863 $1345 -8778 705 1920 $1402 -9576 560 
1864 $1346 -8792 560 1921 $1403 -9590 705 
1865 $1347 -8806 705 1922 $1404 -9604 560 
1866 $1348 -8820 560 1923 $1405 -9618 705 
1867 $1349 -8834 705 1924 $1406 -9632 560 
1868 $1350 -8848 560 1925 $1407 -9646 705 
1869 $1351 -8862 705 1926 $1408 -9660 560 
1870 $1352 -8876 560 1927 $1409 -9674 705 
1871 $1353 -8890 705 1928 $1410 -9688 560 
1872 $1354 -8904 560 1929 $1411 -9702 705 
1873 $1355 -8918 705 1930 $1412 -9716 560 
1874 $1356 -8932 560 1931 $1413 -9730 705 
1875 $1357 -8946 705 1932 $1414 -9744 560 
1876 $1358 -8960 560 1933 $1415 -9758 705 
1877 $1359 -8974 705 1934 $1416 -9772 560 
1878 $1360 -8988 560 1935 $1417 -9786 705 
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1936 $1418 -9800 560 
1937 $1419 -9814 705 
1938 $1420 -9828 560 
1939 $1421 -9842 705 
1940 $1422 -9856 560 
1941 $1423 -9870 705 
1942 $1424 -9884 560 
1943 $1425 -9898 705 
1944 $1426 -9912 560 
1945 $1427 -9926 705 
1946 $1428 -9940 560 
1947 $1429 -9954 705 
1948 $1430 -9968 560 
1949 $1431 -9982 705 
1950 $1432 -9996 560 
1951 $1433 -10010 705 
1952 $1434 -10024 560 
1953 $1435 -10038 705 
1954 $1436 -10052 560 
1955 $1437 -10066 705 
1956 $1438 -10080 560 
1957 $1439 -10094 705 
1958 $1440 -10108 560 
1959 SDUM2 -10122 705 
1960 SDUM3 -10136 560 
1961 VSSIDUM58 -10150 705 
1962 VSSIDUM59 -10164 560 
1963 VGLO -10178 705 
1964 VGLO -10192 560 
1965 VGLO -10206 705 
1966 VGLO -10220 560 
1967 VGLO -10234 705 
1968 VGLO -10248 560 
1969 VGLO -10262 705 
1970 VGLO -10276 560 
1971 VGLO -10290 705 
1972 VGHO -10304 560 
1973 VGHO -10318 705 
1974 VGHO -10332 560 
1975 VGHO -10346 705 
1976 VGHO -10360 560 
1977 VGHO -10374 705 
1978 VGHO -10388 560 
1979 VGHO -10402 705 
1980 VSSIDUM60 -10416 560 
1981 VSSIDUM61 -10430 705 
1982 VSSIDUM62 -10444 560 
1983 VSSIDUM63 -10458 705 
1984 VSSIDUM64 -10472 560 
1985 VSSIDUM65 -10486 705 
1986 VSSIDUM66 -10500 560 
1987 VSSIDUM67 -10514 705 
1988 VSSIDUM68 -10528 560 
1989 VSSIDUM69 -10542 705 
1990 VSSIDUM70 -10556 560 
1991 VSSIDUM71 -10570 705 
1992 VSSIDUM72 -10584 560 
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1993 VSSIDUM73 -10598 705 
1994 VSSIDUM74 -10612 560 
1995 VSSIDUM75 -10626 705 
1996 VSSIDUM76 -10640 560 
1997 VSSIDUM77 -10654 705 
1998 VSSIDUM78 -10668 560 
1999 VSSIDUM79 -10682 705 
2000 VSSIDUM80 -10696 560 
2001 VSSIDUM81 -10710 705 
2002 VSSIDUM82 -10724 560 
2003 VSSIDUM83 -10738 705 
2004 VSSIDUM84 -10752 560 
2005 VSSIDUM85 -10766 705 
2006 VSSIDUM86 -10780 560 
2007 VSSIDUM87 -10794 705 
2008 VSSIDUM88 410808 560 
2009 VSSIDUM89 -10822 705 
2010 VSSIDUM90 -10836 560 
2011 VSSIDUM91 -10850 705 
2012 VSSIDUM92 -10864 560 
2013 VSSIDUM93 -10878 705 
2014 VSSIDUM94 -10892 560 
2015 VSSIDUM95 -10906 705 
2016 VSSIDUM96 -10920 560 
2017 VSSIDUM97 -10934 705 
2018 VSSIDUM98 -10948 560 
2019 VSSIDUM99 -10962 705 
2020 VSSIDUM100 -10976 560 
2021 VSSIDUM101 -10990 705 
2022 VSSIDUM102 -11004 560 
2023 VSSIDUM103 -11018 705 
2024 GOUT17 -11032 560 
2025 GOUT17 -11046 705 
2026 GOUT18 -11060 560 
2027 GOUT18 -11074 705 
2028 GOUT19 -11088 560 
2029 GOUT19 -11102 705 
2030 GOUT20 -11116 560 
2031 GOUT20 -11130 705 
2032 GOUT21 -11144 560 
2033 GOUT21 -11158 705 
2034 GOUT22 -11172 560 
2035 GOUT22 -11186 705 
2036 GOUT23 -11200 560 
2037 GOUT23 -11214 705 
2038 GOUT24 -11228 560 
2039 GOUT24 -11242 705 
2040 GOUT25 -11256 560 
2041 GOUT25 -11270 705 
2042 GOUT26 -11284 560 
2043 GOUT26 -11298 705 
2044 GOUT27 -11312 560 
2045 GOUT27 -11326 705 
2046 GOUT28 -11340 560 
2047 GOUT28 -11354 705 
2048 GOUT29 -11368 560 
2049 GOUT29 -11382 705 


permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page39 


Raydium 


2050 GOUT30 -11396 560 
2051 GOUT30 -11410 705 
2052 VGLO -11424 560 
2053 VGLO -11438 705 
2054 VGLO -11452 560 
2055 VRGH -11466 705 
2056 VRGH -11480 560 
2057 VRGH -11494 705 
2058 LVGL -11508 560 
2059 LVGL -11522 705 
2060 LVGL -11536 560 
2061 GOUT31 -11550 705 
2062 GOUT31 -11564 560 
2063 GOUT32 -11578 705 
2064 GOUT32 -11592 560 
2065 VGLO -11606 705 
2066 VGLO -11620 560 
2067 VGLO -11634 705 
2068 VGHO -11648 560 
2069 VGHO -11662 705 
2070 VGHO -11676 560 
2071 PADA4 -11690 705 
2072 PADB4 -11704 560 
2073 VSSIDUM104 -11718 705 
2074 VSSIDUM105 -11732 560 
2075 VSSIDUM106 -11760 705 


Alighmark LEFT -11870 687.5 
Alignmark RIGHT 11870 687.5 


Oe 
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6. Block Function Description 


Interface 

The RM68120 incorporates command method 24-/16-/8-bits bus display command interface. WDR 
stores data to be written into GRAM or parameters temporarily while RDR stores data read out from 
GRAM temporarily. When data is written from microcomputer to GRAM, the RM68120 writes firstly to 
WDR, and then the data is written to GRAM automatically by internal operation.,Because read out 
operation from GRAM is conducted through RDR, first read out data is invalid. Normal data is read out 


from 2nd read out data. 


Address Counter (AC) 


Address counter (AC) gives address to GRAM. When command setting address,is written to CR, the 
data is transferred from CR to AC. 


When data is written to GRAM, address counter (AC) increments by +1 or —1 automatically. AC after 
data is read out increments by +1 or —1 likewise. The RM68120 writes data to only rectangular area 
that was specified by GRAM. 


Graphic RAM (GRAM) 
The graphic RAM (GRAM) stores, 1,244,160 bytes pattern data using 24 bits for one pixel, enabling 
maximum 480RGB x 864 dot.graphic display. 


Grayscale Voltage Generating Circuit 
Grayscale voltage generating ‘circuit generates an TFT-LCD drive voltage, which corresponds to 


grayscale level set in the»y.correction register. The RM68120 displays 16.7M colors at the maximum. 


Power Supply Circuit 
The,power supply circuit generates supply voltages to TFT-LCD panel, VREG1OUT, VGH, and VGL. 


Timing Generating 
The»timing generator generates timing signals for internal circuits such as the internal GRAM. The 
timing for display operation such as RAM read operation and the timing for internal operation such as 


RAM access by MPU is outputted separately so that they do not interfere with each other. 


Oscillator 
The RM68120 incorporates RC oscillator circuit. The frame frequency is changeable by command 


settings. 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page41 


Raydium 


Panel Driver Circuit 


The TFT-LCD display driver circuit consists of 1440 source drivers (S1~S1440). Display pattern 


data is latched when 1440 data is input. This latched data controls source drivers and outputs drive 


waveform. The shift direction of 1440-dot output from the source driver can be changed by setting 
commands. The gate signal consists from GOUT1 to GOUT32 and outputs either VGHR or VGLR 


level. 
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7. Function Description 


7.1 Interface Type Selection 


The selection of a given interfaces are done by setting IM3, IM2, IM1 and IMO pins as show below. 


IM[3:0] Display Data Command 
0000 | 80-series 8-bit MPU I/F, D[7:0] 80-series 8-bit MPU I/F, D[7:0] 
0001 80-series 16-bit MPU I/F, D[15:0] 80-series 16-bit MPU I/F, D[15:0] 
0010 | 80-series 24-bit MPU I/F, D[23:0] 80-series 24-bit MPU I/F, D[23:0] 
0011 RGB I/F, D[23:0] 16-bit SPI (SCL rising edge trigger)},SDI/SDO 
0100 | RGB I/F, D[23:0] 12C I/F, l2C_SDA 
0101 MIPI DSI,HSSI_DO_P/N, HSSI_D1_P/N MIPI DSLHSSI_DO_P/N, HSSI_D1_P/N 
MIPI DSI,HSSI_DO_P/N,HSSI_D1_P/N (Video Mode) 
1101 MIPI DSI,HSSI_DO_P/N, HSSI_D1_P/N 
MDDI, HSSP,DO P/N, HSSI_D1_ P/N 
0110 MDDI,HSSI_DO_P/N, HSSI_D1_P/N 
16-bit SPI (SCL rising edge trigger), SDI/SDO 
MDDI, HSSI DO P/N, HSSI_D1 P/N 
1110 MDDI,HSSI_DO_P/N, HSSI_D1_P/N 
16-bit SPI (SCL falling edge trigger), SDI/SDO 
MDDI, HSSI_DO P/N, HSSI_D1 P/N 
0111 MDDI,HSSI_DO_P/N, ĦSSI_D1_P/N 
12C I/F, 12C_SDA serial data 
1011 RGB I/F, D[23:0] 16-bit SPI (SCL falling edge trigger), SDI/SDO 
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7.2 Display Bus Interface (DBI) 


The RM68120 uses a 28-wires 24-bit parallel interface. The chip-select CSX (active low) enables and 


disables the DBI interface. RESX (active low) is an external reset signal. WRX is the data write, RDX is 
the data read and DB[23:0] is parallel DBI data. There are three 24/16/8-bit types interface supported for the 


display data transfer. The graphics controller chip reads the data at the rising edge of RDX signal. The DCX 


is data/command flag. When DCX = "1", D23 to DO bits are display RAM data or command parameters. 


When DCX = "0", D7 to DO bits are commands. 


RM68120 


= 
DX 


WIC WRX/SCL 
| Pr)... 


DB[23:0], DB[15:0] 


DBO] A DB[23:0] 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 


permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 
Page44 


Raydium 


7.2.1 Write Cycle 

During a write cycle the host processor sends data to the display module via the interface. The Type B 
interface utilizes DCX, RDX and WRX signals as well as all information signals (DB[23:0]). WRX is driven 
from high to low then pulled back to high during the write cycle. The host processor provides information 
during the write cycle while the display module reads the host processor information on the rising edge of 
WRX. DCX is driven low while command information is on the interface and is pulled high when data is 


present. 


The following figure shows a write cycle for the type B interface. 


WRX 


DB[23:0] 


The host asserts The display reads The host negates 
DB[23:0] ines when DB[23:0]nes when DB[23:0]lines 
there ıs falling edge there is a niang E : 

of WRX edge of the WRX 


ROX MT a ne, | 
— — 


Hi-Z 


DB[23:0] (LCD to Host) A AAA A ___$§_ nee ere renee 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 
Page45 


Raydium 


7.2.2 Read Cycle 

During a read cycle the host processor reads data from the display module via the interface. The Type B 
interface utilizes DCX, RDX and WRX signals as well as all information signals (D[23:0]). RDX is driven 
from high to low then allowed to be pulled back to high during the read cycle. The display module provides 
information to the host processor during the read cycle while the host processor reads the display module 


information on the rising edge of RDX. DCX is driven high during the read cycle. 


The following figure shows the read cycle for the type B interface. 


RDX 


DB[23:0] 


Vax we 


; The hostreads : 
Ma ig) Bessette DB[23:0] lines The display negates 
there is bie edge when there is a DB[23:0] lines. 
of RDX rising edge of the 


Note: RDX is an unsynchronized signal (It can be stopped). 


= UU nn os one 
CMD CMD Yeu -T ae 


HZ (MHD 


Note: Read Data is only valid when the DCX input is pulled high. If DCX is driven low during read then the 
display information outputs will be High-Z. 
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DBI Type B Interface 


24-bit data bus DB[23:0] interface, IM[3:0] = 0010 
IFPF[3:0]: command_3A[3:0] 


DB} DB| DB} DB| DB} DB| DB} DB| DB} DB 
23 | 22| 21| 20 17| 16 


Command Write + 


Command Read * 


Memory Write 


Memory Read 
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Raydium Rev : 0.0 


16-bit data bus DB[15:0] interface, IM[3:0] = 0001 


Memory Write 


The read data for RGB is 16 bit output as below. 


Memory Read AAAA 16.7M 


SS 
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RM68120 Data Sheet 


Raydium Rev : 0.0 


8-bit data bus DB[7:0] interface, IM[3:0] = 0000 
DB| DB| DB| DB} DB| DB| DB} DB 


mrpr | DB] DB] DB] DB] DB] DB| DB] DB o 
7/61 5/ 41 3} 21 1] 0} © 


65K 


Memory Write 


The read data for RGBris.8 bit output as below. 


DB] DB] DB] DB] DB] DB] DBT DBT 
a Oe ae ee ol 


Memory Read 


SS 
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7.3 Serial Interface 


7.3.1 Write Cycle and Sequence 

During a write cycle the host processor sends a single bit of data to the display module via the 
interface. The SPI interface utilizes CSX, SCL and SDI and SDO signals. SCL is driven from high to low then 
pulled back to high during the write cycle. The host processor provides information during the write cycle 


while the display module reads the host processor information on the rising edge of SCL. 


During the write sequence the host processor writes one or more bytes of information to, the display 
module via the interface. The write sequence is initiated when CSX is driven from high, to low,and ends when 
CSX is pulled high. Each byte is either nine or sixteen write cycles in length. If the optional DCX signal is 
used a byte is eight write cycles long. DCX is driven low while command.informatiomis on the interface and is 
pulled high when data is present. 


The SPI interface write command sequences are described in the following figure. 


First Transmit RW = R/W = 
D/CX =0 D/CX =0 
CSx a HL = HL =0 
scl (ising) EEE 


SCL (falling) KAR eRe eed SEER, EXE SRE ORR ORR OREO: 


SDI R/W D/CX| HL | 0 0 0 | 0 0 |AD15|AD14|AD13|AD12|AD11|AD10| AD9 | AD8 |R/W|D/CX| H/L 
SDO Hi-z 
s : RW = RW = 
econd Transmit DICX=0 DICX=1 
HL = HL =0 
CSX 0 


SCL sing) ETAL AEE ELE 
SCL Glin) FV 


SDI Abs |R/WĪD/cCxX HL! 0 | 0 | o | o | 0 | ApD7] AD6] ADS | AD4] ans | AD2 | AD1 | ADO [R/W [D/CX] B/L 
SDO 
Hi-z 
Third Transmit R/W =0 
D/CX=1 
H/L =0 
CSX 


SCL (ising) ALALELE ELELE LELLA rs 
SCL (falling WY TT? a a a a a a a a a a a 


SDI ADO |R/W |D/CX} H/L | 0 0 0 0 0 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 


SDO 


Hi-z 
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The SPI interface write data sequences are described in the following figure. 
SRAM write: 65K colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005) 


First Transmit R/W =0 
D/CX =0 
CSX HL =1 


SCL (rising) ee Se Se G0 G0 Oe Oe Oe Se Se ee ee ee ee ee A 
scL canin) IVA i a 


SDI RWwWpcx L| oJoļoJoJoļofJof]:]o[:[]: |0 [0 [RW pexa 
SDO Hi-z 
; R/W =0 R/W =0 
Second Transmit DICX=0 D/CX = 1 
HL = HL = 
CSX 0 
SCL (rising) we we | A| A ALA LALALALALALA 
SCL (falling) y [yy viviyv Vivivivivivtiy 
SDI o [RWD/cx HL] 0 | 01] 0f0)f0)f0! 070707 0701] 0 | 0 [|RWD/CX| HL 
SDO 
Hi-z 
Third Transmit R/W =0 R/W =0 
(RED) D/CX=1 D/CX=1 
H/L =0 H/L =0 
CSX 0 


SCL isin) 7 Lee ‘weee sean 
SCL (faltin) WY TT? A a 


SDI 0 |R/WID/CX} H/L | 0 0 0 0 0 0 0 0 R4 | R3 | R2 | RI RO |R/W |D/CX| H/L 
SDO : 
Hi-z 
Forth Transmit RW =0 R/W =0 
(GREEN) D/CX=1 D/CX=1 
H/Ly =0 H/L =0 
CSX 0 


SCL ising) LAA rie ies 
sci ceili YY a a a a a a a a a a a a a 


SDI RO |R/W|D/CX| H/L | 0 0 0 0 0 0 0 G5 | G4 | G3 | G2 | G1 | GO |R/W |D/CX| H/L 


SDO 


Hi-z 


OO 
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Fifth Transmit R/W =0 R/W =0 
(BLUE) D/CX = 1 D/CX = 1 
H/L =0 H/L =0 
CSX 0 
SCL (rising) | AAA JEJEJE. ae en ELA 
SCL (falling) y |v] VI ¥ viviviy Viviviwitiy 
SDI G0 |R/WID/CX] H/L 0 | 0 0 0 0 | B4 | B3 | B2 | BI | BO JR/WID/CX] HL 
SDO 7 
Hi-z 
Sixth Transmit R/W = RW = 
HL = HL = 
CSX 0 
SCL (rising) FALALA JEJEJE. JEJEJE, 
SCL (falin) y | vl VI ¥ tiviti Yiwu wey 
SDI BO |R/W|D/CX| H/L 0 0 0 0 0 R4 | R3 | R2 | RI RO |R/W|D/CX] H/L 
SDO 
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SRAM write: 262K colors, RGB 6-6-6 pixel data input (parameter of command 3A00h is 0x0006) 


First Transmit R/W =0 R/W =0 
D/CX =0 D/CX =0 
CSX HL =1 HL =0 


SCL (rising) (a SG G0 G8 G2 G0 Se Se Se Se Se ee Se ee ee ee E] G 
sc altin) TR Ra 


SDI R/W |D/CX| H/L | 0 0 0) | 0 0 0 0 1 0 1 1 0 0 |R/WID/CX} H/L 
SDO Hiz 
. RW = RW = 
Second Transmit DICX=0 D/CX= 1 
HL = HL = 
CSX 0 
ScL ising) LALA FLEE LE LEE LLL 
SCL (falling) y [4 [yy Vivi wl Vad Wiuvwiwwwwey 
SDI 0 |R/WIpcx}/HL] 0 [0] 0] 0 ]0]0]0)f0707f0 70 7] 0 | 0 [RWD/CXx| HL 
SDO 
Hi-z 
Third Transmit R/W =0 R/W =0 
(RED) D/CX = 1 D/CX=1 
H/L =0 H/L =0 
CSX 0 


SCL ising) LE Le eae ee we 
SCL (fallin) WY TV eR a a a a a a a a 


SDI 0 [R/W |D/CX| HL | 0 0 0 0 0 0 0 R5 | R4 | R3 | R2 | RI | RO |R/WID/CX] H/L 
SDO : 
Hi-z 
Forth Transmit R/W =0 R/W =0 
(GREEN) D/CX = 1 D/CX=1 
H/L =0 H/L =0 
CSX 0 


SCL (ising) LUGO EEL ae ae ee ee 
SCL fallin) FY a a a a a a a a a a a n 


SDI RO |R/W|D/CX| H/L | 0 0 0 0 0 0 0 GS | G4 | G3 | G2 | G1 | GO |R/W|D/CX| H/L 


SDO 


OO 
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Fifth Transmit R/W =0 R/W =0 
(BLUE) D/CX=1 D/CX=1 
H/L =0 HL =0 

CSX 0 


SCL (rising) 7 LALALALA ween ee we: 
sci (tanin) WT? AA a Y 


SDI GO |R/WID/CX| HL | 0 0 0 0 | 0 0 0 B5 | B4 | B3 | B2 | BI BO |R/W |D/CX| H/L 
SDO : 
Hi-z 
Sixth Transmit R/W = R/W = 
(RED) DICX=1 D/CX = | 
a HL = 
CSX 0 


SCL ising LLL Pes 
SCL fallin) WT? ee ae 


SDI BO |R/W |D/CX| H/L | 0 0 0 0 0 0 0 R5 | R4 | R3 | R2 | R1 | RO |R/WID/CX| H/L 
SDO 
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SRAM write: 16.7K colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007) 


First Transmit R/W =0 R/W = 
D/CX =0 D/CX=0 
CSX HL =1 HL =0 


SCL (rising) eee 6 Se Se Oe Oe Oe Se Oe LELEL ae ee 
SCL aling AR AR ARR 


SDI RWpcx]HL] 070) 07 070]o07o0 71 ]o0 71 ]17 07] 0 [RWDCXAL 
SDO Hiz 
, RW = R/W = 
Second Transmit D/CX=0 D/CX = 1 
HL = HL = 
CSX 0 
SCL eisin) LA LATA LE LE LE LE LE LEE ATALA DLA LA L LA 
SCL (falling) -y Py fy Y viviviviyv viviviviviy 
SDI 0 |R/WIDpcx/HL] 0 [| 0] 0] 070f0]0)07 07070 |o | 0 JR/WID/cx] HL 
SDO 
Hi-z 
Third Transmit R/W =0 R/W =0 
(RED) D/CX=1 D/CX=1 
HL =0 HL =0 
CSX 0 


SCL (rising) ALLL (ae Seen we 
SCL (falling) y [y| y| vy 


a 
a! 
<! 
a 
e 
ae 
ae 
ea 
a- 
pea 
ne! 
ae 
ae! 


SDI 0 |R/WID/CX} H/L | 0 0 0 0 0 R7 | R6 | RS | R4 | R3 | R2 | RI RO |R/W |D/CX| H/L 
SDO : 
Hi-z 
Forth Transmit R/W -= 0 R/W =0 
(GREEN) D/CX 21 D/CX=1 
H/D, =0 H/L =0 
CSX 0 


SCL(ising) LLL aan ee we 
sci ain VA a a a a a a a a a a a 


SDI RO |R/W|D/CX| H/L | 0 0 0 0 0 G7 | G6 | G5 | G4 | G3 | G2 | G1 | GO |R/W |D/CX| H/L 


SDO 


SS 
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Fifth Transmit R/W =0 R/W =0 
(BLUE) D/CX=1 D/CX=1 
H/L =0 HL =0 
CSX 0 
SCL (rising) ALAA JEJEJE. roe 
SCL (falling) y |v] VI ¥ viviviv Viviviwitiy 
SDI G0 |R/WID/CX] H/L 0 | 0 | B7 | Bo | BS | B4 | B3 | B2 | BI | BO JR/WID/CX] H/L 
SDO 7 
Hi-z 
Sixth Transmit R/W = R/W = 
(RED) D/CX=1 D/CX = 1 
HL = HLS 
CSX 0 
SCL (rising) AAA eae en 5 ora 
SCL (falling) y | vl Vl ¥ vivit vii viv]y 
SDI BO |R/W |D/CX| H/L 0 0 R7 | R6 | R5 | R4 | R3 | R2 | RI RO | R/W |D/CX]| H/L 
SDO 


-a ya 
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7.3.2 Read Cycle and Sequence 

During a read cycle the host processor reads a single bit of data from the display module via the interface. 
The SPI interface utilizes CSX, SCL and DIN signals. SCL is driven from high to low then pulled back to high 
during the read cycle. The display module provides information during the read cycle while the host 
processor reads the display module information on the rising edge of SCL. 


During the read sequence the host processor reads one or more bytes of information from the display 
module via the interface. The read sequence is initiated when CSX is driven from high to low and ends 
when CSX is pulled high. Each byte is either nine or sixteen write cycles in length. If the optional DCX signal is 


used a byte is eight read cycles long. DCX is driven low while command information is,on the interface and is 
pulled high when data is present. 


The SPI interface read command sequences are described in the following, figure. 


First Transmit R/W =0 R/W = 
D/CX=0 D/CX =0 
CSX HL =1 HL =0 


SCL (rising) CeCe Se Se Sey en A oe we ee ee ee ae ee 
SCL (fallin) ORR a a a a a 


SDI R/W |D/CX| H/L | 0 0 0 0 0 |AD15|AD14|AD13|AD12|AD11|AD10| AD9 | AD8 |R/W|D/CX| H/L 
SDO Hi-z 
. RW =0 R/W =1 
Second Transmit DICX=0 DICX =1 
HL =0 HL =0 
CSX 0 


SCL isin) ALLL 
SCL cantin AAA AAA AA 


SDI AD8 |R/W |D/CX| HL | 0 0 0 0 0 | AD7] AD6] ADS | AD4 | AD3 | AD2 | AD1 | ADO [R/W |D/CX] B/L 
SDO 
Hi-z 
Third Transmit R/W =1 
D/CX=1 
HL =0 
CSX 


SCL ising) EL m4 
SCL (falling WW a a a a a a a a a a a 


SDI ADO [R/W[D/cX] HL] 0 [ 0 [ 0 | 0 [ 0 


SDO - D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 
Hi-z 
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The SPI interface read data sequences are described in the following figure. 
SRAM read: 65K colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005) 


First Transmit 


RY = RW = 
D/CX=0 D/CX=0 
CSX — Mm- HL =0 
SCL (rising) TER, F| A 5 TER, 
SCL (falling) viviv v/v Y viviv 
SDI R/W [D/CX]| H/L oļoļloļofJofļifo[: 0 [R/WD/CX] H/L 
SDO Hi-z 
Second Transmit RND R/W =1 
D/CX=0 D/CX=1 
CSX 0 HL = HL =0 
SCL (rising) we we: A | ATA å A| ALATLALATLALA 
SCL (fallin) I a Wivi y viviviviwiy 
SDI 0 |R/WID/CX] HL o7;ofofofofo]ofodfo fo | 0 [R/WD/cx] HL 
SDO 
Hi-z 
Third Transmit 
(Dummy) RW = R/W =1 
DICX=1 D/CX=1 
CSX o HL =0 HL =0 
SCL (rising) fA AA ELELEE Se i $ $ 
SCL (fallin) y| yy] Y vivivivwiviy A i titiy 
SDI 0 |R/W |D/CX| H/L 0 0 Hz R/W |D/CX] H/L 
SDO 
Hi-z 
Forth Transmit R/W =1 R/W =1 
(RED) DICX = 1 D/CX=1 
HL =0 HL =0 
CSX 0 
SCL (rising) LELLA rife $ mie 
SCL (falling) y | yl y viviv Vly Witiy 
SDI 0 |R/WID/CX| H/L 0 0 Hiz R/W |D/CX| H/L 
SDO o | o | o | R4 | R3 | R2 | RI] RO 


Hi-z 
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Fifth Transmit R/W =1 R/W =1 
(GREEN) DICX =1 D/ICX = 1 
H/L =0 H/L =0 

CSX 0 


scl (ising) LL LLA aoe we ae 
SCL (fallin) FT A Ae 


SDI 0 |R/W|D/CX} H/L | 0 0 0 0 0 Hz R/W |D/CX| H/L 
SDO - 0o | 0o | &5 | &4 | &@ | &2 | G1 {co 
Hi-z 
Sixth Transmit R/W =1 R/W =1 
(BLUE) D/CX=1 D/CX=1 
H/L =0 H/L =0 
CSX 0 


SCL eism) ALELA LELELELEL ELELLA LAA Ans 
SCL (faltin) WT ee a a 


SDI 0 |R/W|D/CXI HL| 0 0 0 0 0 Hie R/W|D/CX] H/L 
SDO : 0 0 0 | B4 | B3 | B2 | BI | BO 
Hi-Z 
Seventh Transmit R/W = R/W = 
(RED) D/CX=1 D/CX=1 
HL =0 HL = 
CSX 0 


SCL ¢ising) LAA wee we ae) 
SCL (fling 4 TL A RA AA 


SDI 0 |R/WID/CX| H/L | 0 0 0 0 0 Hiz R/W |[D/CX| H/L 


SDO 0 0 0 R4 | R3 | R2 | RI | RO 


OO 
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SRAM read: 262K colors, RGB 6-6-6 pixel data input (parameter of command 3A00h is 0x0006) 


First Transmit 


R/W =0 R/W = 
D/CX=0 D/CX =0 
CSX _ ww, =1 HL =0 
SCL (rising) ms (SU SG Sl Gn Seen we Seen oe oe ee 
SCL (falling) v/v Vivivivivivivivivtivivwivwiy 
SDI R/W D/CX] H/L o,o;lof[o];fo];ijfo]fifififo |RWpcx aL 
SDO Hi-z 
Second Transmit B RWE] 
ae D/CX=1 
CSX 0 HL =0 HL =0 
sce sing) LEE 
SCL (falling) y Ty Ty vi wWieviviviviwl¥ 
SDI 0 |R/WID/cx] HL] 0 0o!ofofof]odifosyodfodfodyo | o [RWD/Cx]| EL 
SDO 
Hi-z 
Third Transmit 
(Dummy) RW =1 R/W =1 
D/CX=1 D/CX=1 
csx o HL =0 mb 0 
SCL (ising) £1 AA LA Ses eh sean reais 
SCL (falling) YJ vl VJ VY wlhvivtiviviy viv viviv 
SDI 0 |R/WID/CX| H/L | 0 0 0 Hz R/W |D/CX] H/L 
SDO 
Hi-z 
Forth Transmit R/W =1 R/W =1 
(RED) DICX = 1 D/CX = 1 
H/L =0 H/L =0 
CSX 0 
SCL (rising) A A LELEL an $ reels 
SCL (falling) y| yvyivi vy Vivivivitv Yiv viviviyv 
SDI 0 |R/WID/CX] HL | 0 0 0 0 Hie R/W |D/CX} H/L 
SDO 0 0 | R5 | R4 | R3 | R2 | RI | RO 


OO 
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Fifth Transmit R/W =1 R/W =1 
(GREEN) DICX =1 D/ICX = 1 
H/L =0 H/L =0 

CSX 0 


scl (ising) LL LLA aoe we ae 
SCL (fallin) FT A Ae 


SDI 0 |R/W|D/CX} H/L | 0 0 0 0 0 Hz R/W|D/CX] H/L 
SDO - 0o | 0o | & | &4 | &@ | &2 | G1 | Go 
Hi-z 
Sixth Transmit R/W = R/W = 
(BLUE) D/CX=1 D/CX =4 
HL = HL =0 
CSX 0 


SCL eisd LL a G Pn 
SCL alind WY TA a a 


SDI 0 |R/WID/CX| HL | 0 0 0 0 0 Hz R/W |D/CX| H/L 
SDO - o | 0 | BS | B4 | B3 | B2 | B1 | BO 
Hi-z 
Seventh Transmit R/W = R/W = 
(RED) D/CX=1 D/CX=1 
HL = HL =0 
CSX 0 


scL¢isng) Le LA een Seee 
SCL (falling WY? an S a aa 


SDI 0 |R/WID/CX| HL | 0 0 0 0 0 Hiz R/W |D/CX| H/L 


SDO 0 | 0 | R5 | R4 | R3 | R2 | RI | RO 


ee 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page61 


Raydium 


SRAM read: 16.7M colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007) 


First Transmit 


R/W =0 RW =0 
D/CX =0 D/CX =0 
CSX HL =1 HL =0 


SCL (rising) ee Se Se Se Se Oe Oe LALELE LELEL ELELLA 
SCL alting TOR a 


SDI Rwpecxjat[, o |o]o]oļloļoļoļ:]o]:[: |: |0 [RwpcxAL 
eke Hi-z 
Second Transmit RWE 
RW =0 A 
D/CX=0 D/EX=1 
CSX 0 HL =0 HL =0 
SCL (rising) K| A] A AJ A| A] À A| apa LAL ALS 
SCL (falling) y PVT Y viviviyv Y viviviy 
SDI 
SDO 
Hi-z 
Third Transmit 
(Dummy) RW <1 R/W = 
D/CX=1 D/CX=1 
CSX 0 H/IL =0 HL =0 


SCL ¢isingy La ree 
SCL (falling) FT in LE a a a a a a 


SDI 0 |R/WID/CX| HL | 0 0 0 0 0 Hig R/W [D/CX| H/L 
SDO 
Hi-z 
Forth Transmit RWW =1 R/W = 
(RED) D/CX=1 D/CX= 1 
HL =0 HL = 
CSX 0 


SCL ising) Le JEJEJE, 
sind) GUAT A A LR A AA 


SDI 0 |R/WID/CX| H/L | 0 0 0 0 0 


R/W |D/CX| H/L 
Hi-z 


SDO 


R7 | R6 | RS | R4 | R3 | R2 | RI | RO 


Hi-z 


SS 
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Fifth Transmit R/W =1 R/W =1 
(GREEN) DICX =1 D/ICX = 1 
H/L =0 H/L =0 

CSX 0 


scl (ising) LL LLA aoe we ae 
SCL (falling) WT TT A Ae 


SDI 0 |R/W|D/CX} H/L | 0 0 0 0 0 Hz R/W|D/CX] H/L 
SDO : G7 | G6 | GS | G4 | G3 | G2] Gi | Go 
Hi-z 
Sixth Transmit R/W = R/W = 
(BLUE) D/CX=1 D/CX =4 
HL = HL =0 
CSX 0 


SCL eisd LL a G Pn 
SCL (tating WY A a ea 


SDI 0 |R/WID/CX| HL | 0 0 0 0 0 Hz R/W |D/CX| H/L 
SDO - B7 | B6 | BS | B4 | B3 | B2 | B1 | BO 
Hi-z 
Seventh Transmit R/W = R/W = 
(RED) D/CX=1 D/CX=1 
HL = HL =0 
CSX 0 


scL¢isng) Le LA een Seee 
SCL (falling WY? an 


SDI 0 |R/WID/CX| H/L | 0 0 0 0 0 Hiz R/W |D/CX| H/L 


SDO R7 | R6 | R5 | R4 | R3 | R2 | RI | RO 


OO 
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7.3.3 Break and Pause Sequences 


The host processor can break a read or write sequence by pulling the CSX signal high during a 
command or data byte. The display module shall reset its interface so it will be ready to receive the same 
byte when CSX is again driven low. 

The host processor can pause a read or write sequence by pulling the CSX signal high between 
command or data bytes. The display module shall wait for the host processor to drive CSX low before 


continuing the read or write sequence at the point where the sequence was paused. 


1. Middle of frame 


Parameter 1 Parameter 2 


Command f-- Stored to register The old value is kept Command 


on the register 


N 


Between frames 


Without break 


Parameter 1 Parameter 2 Parameter 3 


With brea 
ith break Ignored parameters 


Parameter | 


Command | 


Break Parameter 


Command 2 i for 
Command 2 


Break can.be e.g. another command or noise pulse. 
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7.4 12C Interface 


The |2C-bus is for bi-directional, two-line communication between different ICs or modules. The two lines 
are the Serial Data line (I2C_SDA) and the Serial Clock Line (I2C_SCL). Both lines must be connected to a 
positive supply via pull-up resistors. Data transfer can be initiated only when the bus is not busy. Each byte 
of eight bits is followed by an acknowledge bit. The acknowledge bit is a HIGH level signal put on the bus by 
the transmitter during which time the master generates an extra acknowledgement related clock pulse. A 
slave receiver which is addressed must generate an acknowledgement after the reception of each byte. 
Also a master receiver must generate an acknowledgement after the reception of each byte that has.been 


clocked out of the slave transmitter. 


The 12C interface write command sequences are described in the following figure. 


Write Cmd: ——— :host to slave 
: slave to host (ACK) 
ACK ACK ACK 
AR LALALA Se Oe Oe ee Se Se Oe OAL AALL LA 
2C_SDA SLAVE ADDR WI ADDR_H[7:0] ADDR L{[7:0] 
ACK ACK ACK 
Resch FLA LALA LALA LA LALA LA LE LE DSA LELAT EA LAL ALA 
PC SDA DATA_H[7:0](ummy) DATA L[7:0] 
The I2C interface read’command)sequences are described in the following figure. 
Read Cmd: 
—— ‘host to slave 
_____: slave to host 
ACK ACK ACK Restart 
DC age SE S860 48 S8 G8 Se Se See Oe See Se Oe Oe Se Se ee ee ee ee 
RC SDA SLAVE ADDR W ADDR_H[7-0] ADDR_LI7:0] 
ACK 
Restart ACK 
CSCE LEE LALL LLA 
RC SDA SLAVE ADDR R DATAI[7-0](dumy) Param[ 7-0 as 
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The 12C interface write data sequences are described in the following figure. 


SRAM write: 65k colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005) 
—— :host to slave 


—— :slave to host (ACK) 


ACK ACK ACK 
aa VUE SESE SE Seer Se eee ee eee ee ee eee eee 
12C SDA SLAVE ADDR W ADDR_H[7:0]=0x2C ADDR_L[7:0]=0x00 
ACK ACK ACK ACK 
pesch fF ALE 
I2C_SDA gj R4 | R3 R2 | RI RO | G5 | G4 | G3 G2 | GI GO | B4 | B3 B2 | BI | BO R4 | R3 R2 RI RO | G5 | G4 | G3 
First pixel First pixel Second pixel 
R[4:0] & G[5:3] G[2:0]& B[4:0] R[4:0] & G[5:3] 

ACK ACK ACK 
2C_SCL ee Ge Se See ee eee ee ee Oe ee ee ee LG 
2C _ SDA R4 | R3 R2 | RI RO | G5 | G4 | G3 G2 | GI GO | B4 | B3 B2 | BI | BO 

The n+th pixel The n-th pixel 
R[4:0] & G[5:3] G[2:0]& B[4:0] 


SRAM write: 262k colors, RGB 6-6-6. pixeldata input (parameter of command 3A00h is 0x0006) 


— :host to slave 


— :slave to host (ACK) 


ACK ACK ACK 
ees EE Se Se 0 Se ee Oe ee eee ee ee ee ee ee ee ee | 
I2C_SDA SLAVE ADDR W ADDR_H[7:0]=0x2C ADDR_L[7:0]=0x00 
ACK ACK ACK ACK 
pe scl ALLELE 
I2C_SDA 0 0 RS R4 R3 R2 RI | RO 0 0 G5 G4 G3 G2 GI | GO 0 0 B5 B4 B3 B2 BI | BO 
First pixel First pixel First pixel 
R[5:0] G[5:0] B[5:0 
ACK ACK ACK ACK 
Rescl eee 
I2C_SDA ] 0 0 R5 R4 R3 R2 RI | RO 0 0 G5 G4 G3 G2 Gl | GO 0 0 BS B4 B3 B2 BI | BO | 
The n-th pixe The n-th pixel The n-th pixel 
R[5:0] G[5:0] B[5:0 


SS 
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SRAM write: 16.7M colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007) 


— :host to slave 


— :slave to host (ACK) 


ACK ACK ACK 
Dene PLA LALA LALA LE LE LE LEE LEE ELLE A] A 
RC SDA SLAVE ADDR W ADDR H[7:0]F0x2C ADDR _L[7:0]=0x00 
ACK ACK ACK ACK 
Bes (UU eee eee eee 
PC_SDA R7 | R6 | R5 | R4 | R3 | R2 | RI [RO a7 | c6 | cs | c4 | 3 [c2 | ar [a B7 | Bé | B5 | B4 | B3 | B2 | Bi | BO 
First pixel First pixel Firstpixe! 
R[7:0] G[7:0] BI7:0 
ACK ACK Aagi ACK 
eest PLL ae ee ees 
DC SDA 7 R7 | R6 | R5 | R4 | R3 | R2 [ RI [RO G7 | Ge | Gs | G4 | G3 | G2] Gi | Go B7 | B6 | BS | B4 | B3 | B2 | BI | BO ‘| 
The n-th pixe The n-th pixel, The n-th pixel 
R[7:0] G[7:0] B[7:0 
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The |2C interface read data sequences are described in the following figure. 


SRAM read: 65k colors, RGB 5-6-5 pixel data input (parameter of command 3A00h is 0x0005) 


—— : host to slave 


— : slave to host (ACK) 


ACK ACK sit Restart 
12C_SCL 
See ee Se oe Se Se oe See se oe oe ee ee ee oe oe Se Se oe oe 
I2C_SDA SLAVE ADDR w ADDR_H[7:0]=2E/3Eh ADDR _L[7:0]=00h 

ACK ACK ACK 

Restart 
12C_SCL 
- E LELEL O8 On 60 Se ae ae Oe On Oe Oe O80 on on oe Se Se Se oe oe oe a0 Se G 
2C_SDA SLAVE ADDR R DATA1[15:8](dumy) DATA1[7:0](dumy) 

ACK ACK ACK ACK 
Reset Ue a 
PC SDA ji R4 | R3 | R2 | RI | RO | GS | G4 | G3 G2 | G1 | Go | B4 | B3 | B2 | BI | Bo R4 | R3 | R2 | RI | RO | GS | G4 | G3 

First pixel First pixel Second pixel 
R[4:0] & G[5:3] G[2:0]& B[4:0] R[4:0] & G[5:3] 
ACK ACK NACK 
2C_SCL PEE AE oo 
12C_SDA | R4 R3 | R2 RI RO | G5 | G4 | G3 G2 | GI | G0 | B4 B3 | B2 Bl BO 
The n-th pixel The n-th pixel 
R[4:0) & G[5:3] G[2:0]& B[4:0] 
SRAM read: 262k colors, RGB 6-6-6 pixel data input (parameter of command 3A00h is 0x0006) 
—— : host to slave 
ACK ACK — : slave to host (ACK) ACK Resa 
estai 
a LEE 
12C_SDA SLAVE ADDR W ADDR_H[7-0/=2E/3Eh ADDR _L[7:0|=00h 
ACK ACK ACK 

Restart 
12C_SCL 
- E LELEL O2 O28 S0 a we Oe ee Oe Se Se oe on on oe Se Se Se Se Se oe LLALA 
2C_SDA SLAVE ADDR R DATA1[15:8](dumy) DATA1[7:0](dumy) 

ACK ACK ACK ACK 
nc so Oe OM 0 Se Se Se Oe Se Se oe Oe ee LALL 
pc spa o | 0 [Rs [| R4 [ R3 [| R2 [ Ri [ RO 0] 0 [a [a] @]@{[ai | o o | o | Bs | B4 [ B3 | B2 [B1 | BO 

First pixel First pixel First pixel 
R[5:0] G[5:0 B[5:0] 

ACK ACK ACK NACK 
ecse JU ee eee oe 
R2C_SDA | 0 | 0 | R5 | R4 | R3 | R2 | RI | RO o | 0 | Gs | G4 | G3 | G2 | Gi | Go 0 | 0 | Bs | B4 | B3 | B2 | BI | BO 

The n-th pixel The n-th pixel The n-th pixel 
R[5:0] G[5:0 


B[5:0] 
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SRAM read: 16.7M colors, RGB 8-8-8 pixel data input (parameter of command 3A00h is 0x0007) 


ACK ACK — : slave to host (ACK) ACK Keia 
estai 
2C_SC 
in LLL 
I2C_ SDA SLAVE ADDR wW ADDR _H[7:0]=2E/3Eh ADDR L[7:0]=00h 
ACK ACK ACK 
Restart 
12C_SCL 
- (Se Se See Se ee a ee Se Se LLELE G 

2C_SDA SLAVE ADDR R DATAI1[15:8](dumy) DATA1[7:0](dumy) 

ACK ACK ACK ACK 
pesch EEL L LA 
pc spa R7 | Ro | R5 | R4 [ R3 |R? [RI] RO | a | c6 [ala] œ | œ | ci | co B7 | B6 | BS | B4 | B3 | B2 | Bi [| BO 

First pixel First pixel First pixel 
R[7:0] G[7:0 B[7:0] 

ACK ACK ACK NACK 
pesck ee eee 
12C_SDA ] R7 R6 | R5 | R4 R3 j R2 | Ri | RO G7 | G6 | G5 | G4 | G3 | G2 | Gl | GO B7 | B6 l B5 | B4 B3 | B2 B1 BO 

The n-th pixe The n-th pixel The n-th pixel 
R[7:0] G[7:0 B[7:0] 
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7.5 Display Pixel Interface (DPI) 


In normal operation, systems based on DPI architecture rely on the host processor to continuously provide 
complete frames of image data at a sufficient frame rate to avoid flicker or other visible artifacts. The 
displayed image, or frame, is comprised of a rectangular array of pixels. The frame is transmitted from the 
host processor to a display module as a sequence of pixels, with each horizontal line of the image data 
sent as a group of consecutive pixels. 


Vsync indicates the beginning of each frame of the displayed image. Hsync signals the beginning of each 


horizontal line of pixels. 


Each pixel value (16, 18 or 24-bit data) is transferred from the host processor to the display module during 
one pixel period. The rising edge of PCLK is used by the display module to\capture pixel data. Since PCLK 
runs continuously, control signal DE is required to indicate when valid pixel data is being transmitted on the 


pixel data signals. 


DPI signals are described in the follow figure. 


7 N 7 \ 
i \ / \ 
l \ / \ 
\ / 
| | | | 
VS, HS, DE r f 7 
D[23:0] \ | \ | 
\ / \ / 
\ / \ / 
`A a \_zZ 
The host changes. VS, HS, The slave read VS, HS, DE 
DEand D[23:0] at falling and D[23:0] at rising edge of 
edge of the PCLK the PCLK 


DPI Interface data bus format: (Selected by VIPF[3:0]) 
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Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page70 


Raydium 


RM68120 Data Sheet 
Rev - 0.0 


DPI Interface Timing Chart. 


i Hsyne F HBP 


VAdr 


VFP 


Moving picture 
display area 


HSYNC 
DOTCLK 


ENABLE 


DB[23:0) 


HAdr 


(VAdr + HAdr) - Period 


when valid display data 


are 


transferred from host to 


display module 


N 


Back porch period 


Display period 


Front porch period 


ote 1: Front porch period continues until 


the next input of VSYNC., 


Note 2: Input DOTCLK throughout the 
operation. 


N 
D 


ote 3; Supply the VSYNC, HSYNC and 
OTCLK with frequency that can meet the 


resolution requirement of panel. 
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7.6 Display Serial Interface (DSI) 


DSl-compliant peripherals support either of two basic modes of operation: Command Mode and Video 
Mode. The mode definitions reflect the primary intended use of DSI for display interconnect, but are not 


intended to restrict DSI from operating in other applications. 


RM68120 is capable of both Command Mode operation and Video Mode operation. Command Mode 
refers to operation in which transactions primarily take the form of sending commands and data to a display 
module that incorporates a display controller. The display controller may include local registers and a frame 
buffer. Systems using Command Mode write to, and read from, the registers and frame buffer memory. The 
host processor indirectly controls activity at the peripheral by sending commands, parameters and data to 
the display controller. The host processor can also read display module status information or the contents of 
the frame memory. Command Mode operation requires a bidirectional \interface. Video Mode refers to 
operation in which transfers from the host processor to the peripheral take the form of a real-time pixel 
stream. In normal operation, the display module relies on the host processor to provide image data at 
sufficient bandwidth to avoid flicker or other visible artifacts in the displayed,image. Video information should 
only be transmitted using High Speed Mode. RM68120 Video Mode architectures also include a simple 
timing controller and partial frame buffer, used to maintain a partial-screen or lower-resolution image in 


standby or Low Power Mode. This permits the. interface to reduce power consumption. 


RM68120 Configuration: 
Lane Pair MCU(Master) RM68120(Slave) 
Clock Lane Unidirectional Lane 
Clock only 
Data Lane 0 Bi-directional Lane 
> Forward High-speed 
> Bi-directional Escape Mode 
> Bi-directional LPDT 
Data Lane 1 Unidirectional Lane 
> Forward High-Speed 
> Escape Mode 
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7.6.1 DSI Protocol 


On the transmitter side of a DSI Link, parallel data, signal events, and commands are converted to packets. 


These packets are sent across the serial Link. The receiver side of a DSI Link performs the converse of the 


transmitter side, decomposing the packet into parallel data, signal events and commands. 


Byte 5 
Byte 4 
Byte 3 
Byte 2 
Byte 1 
Byte 0 


Byte 3 
Byte 2 
Byte 1 
Byte 0 


SerDes 


single lane link 


Lane 0 


two lane link single lane link 


Lane 0 


SerDes 


SerDes 


Lane Distribution Function 


—Vv__ 
Byt 


Byte 1 


e3 


SerDes 


two lane link 


Byte 0 
Byte 2 


eE 


Lane Merging Function | 


, 


Byte 0 
Byte 1 
Byte 2 
Byte 3 
Byte 4 
Byte 5 


There are two kinds of packets, short packetand long packet. 


> — Short packet structure: 


LP-11: low power mode 


SoT: start of transmission 


DI: data identification 


Data 0, Data1: packet data 
ECC: error correction code 


EoT: Endof Transmission 


k——— Packet Header} 


kK—Packet Data—} 


LP-11 


SoT 


DI 


Data 0 | Data 1 


ECC 


EoT 


LP-11 


Time 


> 
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DI structure: 
Virtual Channel: these two bits identify the data as directed to one of four virtual channels 
Data Type: It specifies the packet structure and packet format 


Virtual Channel (VC) Data Type (DT) 
Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 


> Long packet structure: 

LP-11: low power mode 

SoT: start of transmission 

DI: data identification 

Word Count: the number of data bytes of packet data 

ECC: error correction code 
Checksum: The 16-bit CRC generator to check packet data. If the calculated checksum of 
receiver are equal to the packet data, the packet data is correct. If the calculated checksum of 
receiver are not equal, the packet data are not correct: 


EoT: end of transmission 


Word Data Data 


LP-11 SoT DI Count ECC | Data0 | Data 1 ae wc-2 | WC-1 checksum | EoT | LP-11 


Time > 


SE 
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7.6.2 Processor to Peripheral Transactions 


Processor to Peripheral Direction Packet Data Types 


Data Type Data Type Description Packet Size 
binary 
01h 00 0001 Sync Event, V Sync Start Short 
11h 01 0001 Sync Event, V Sync End Short 
21h 10 0001 Sync Event, H Sync Start Short 
31h 11 0001 Sync Event, H Sync End Short 
08h 00 1000 End of Transmission packet (EoTp) Short 
02h 00 0010 Color Mode (CM) Off Command Short 
12h 01 0010 Color Mode (CM) On Command Short 
22h 10 0010 reserved Short 
32h 11 0010 reserved Short 
03h 00 0011 reserved Short 
13h 01 0011 Generic Short WRITE, 1 parameter Short 
23h 10 0011 Generic Short WRITE, 2 parameters Short 
04h 00 0100 reserved Short 
14h 01 0100 Generic READ, 1 parameter Short 
24h 10 0100 Generic READ, 2 parameters Short 
05h 00 0101 DCS Short WRITE, no parameters Short 
15h 01 0101 DCS Short WRITE, 1 parameter Short 
06h 00 0110 DCS READ, no parameters Short 
37h 110111 Set Maximum Return Packet Size Short 
09h 00 1001 Null Packet, no data Long 
19h 01 1001 Blanking Packet, no data Long 
29h 10 1001 Generic Long Write Long 
39h 14 1001 DCS Long Write/write_LUT Command Packet Long 
OEh 00.1110 Packed Pixel Stream, 16-bit RGB, 5-6-5 Format | Long 
1Eh 01 11410 Packed Pixel Stream, 18-bit RGB, 6-6-6 Format | Long 
2Eh 10.4110 Loosely Packed Pixel Stream, 18-bit RGB, 6-6-6 | Long 
Format 
3Eh 11.1110 Packed Pixel Stream, 24-bit RGB, 8-8-8 Format | Long 


—— 
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> Sync Event, Data Type = xx 0001 

Sync Events are all short packets and time-accurately. They can perform like the start and end of sync 
pulses. To represent timing information as accurately as possible, a V Sync Start event represents the start 
of the VSA and also implies an H Sync Start event for the first line of the VSA. Hence, a V Sync End event 
implies an H Sync Start event for the last line of the VSA. Sync events may be concatenated with blanking 
packets to convey inter-line timing accurately and avoid the overhead of switching between LPS and HS for 


every event. Note there is a power penalty for keeping the data line in HS mode. 


>  EoT packet 

This short packet is used to indicate the end of a high speed (HS) transmission. This packet will-enhance 
overall syntem reliability. Although the main objective of the EoTp is to enhance robustnessyduring HS 
transmission mode, RM68120 can detect and interpret arriving EoTps regardless of transmission mode (HS 
or LP modes) 


> Color Mode Off / On Command 
They are short packet commands to switch video display module between normal display mode and low- 


color mode for power saving. 


> Generic short write / read packet 
Generic Short WRITE command is a Short packet type. for sending generic data to the peripheral. Generic 


READ request is a Short packet requesting data,from the peripheral. 


> DCS commands 
m DCS short write command 
DCS short write command is used to write a single data byte command to display module. If there 
is a valid parameter byte, data type bit 4 shall be set to 1. If there is no valid parameter byte, data 


type bit 4 shall be set to O and the parameter byte shall be OOh. 


EA BCS read commands 
The commands are used to request data from s display module. 


E DCS Long Write / write_LUT command 


The commands are used to send larger blocks of data to a display module. 


E Maximum return packet size 
This command specifies the maximum size of the payload in a long packet transmission from a 


display module to host processor. 
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m@ Null Packet 
This is a mechanism for keeping the data lane(s) in high speed mode while sending dummy data. 


E Blanking Packet 
A Blanking packet is used to convey blanking timing information in a Long packet. The packet 
represents a period between active scan lines of a Video Mode display, where traditional display 
timing is provided from the host processor to the display module. The blanking period may have 
Sync Event packets interspersed between blanking segments. Blanking packets may contain 


arbitrary data as payload. 


E Generic Long Write 
This is used to transmit arbitrary blocks of data from a host processor tòa peripheral. 


E = Packed Pixel Stream, 16-bit Format, Data Type: 00 1110 
The pixel format is five bits red, six bits green and five bits blue. The green component is split 
across two bytes. Within a color component, the LSB.is sentifirst)the MSB last. 


1B 2B 1B 1B 1B 


checksum 


= 
Q 
g 
g 
Ss 
i= 
O 
E 
A= 
> 


B: byte, b: bit 


OO 
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m@ = Packet pixel stream, 18-bit format, Data Type: 01 1110 
The pixel format is six bits red, six bits green and six bits blue. Within a color component, the LSB 
is sent first, the MSB last. 
| 0 67 l 0 3 4 7 l ol 
pi aE <—2B— 
fæl 
DT O WC checksum 
E Pixel Pixel Pixe 
S n-3 n-3 n-3 
l 
time > 
| 


Packet pixel stream, 18-bit format in three bytes, Data Type:.10 1110 


This is 18-bit pixel lossely packed format, each R, G or B color component is six bits but shifted to 
the upper bits of byte. 


—1BS>=1B— 1B 

\ / 

\ i 
1B 2B 1B\ 1B 1B_ 1B. / 1B _ 1B. 1B 2B 

£ X Aa, e > 


DT checksum 


: Virtual Channel 
= 
Q 


time p 
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a Packet pixel stream, 24-bit format, Data Type: 11 1110 
The pixel format is eight bits red, eight bits green and eight bits blue. 


1B 2B 1B 1B 1B. 1B 
AAA 


IB IB. 1B 2B 
——*$— A A 
po a Sa 


tim e Ar 


= 
S 
S 
S 
Eej 
O 
= 
3 
3 
R= 
> 
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7.6.3 Peripheral-to-Processor LP Transmission 

All Command Mode systems require bidirectional capability for returning READ data, acknowledge, or error 
information to the host processor. Multi-Lane systems shall use Lane O for all peripheral-to-processor 
transmissions. Reverse-direction signaling shall only use low power mode transmission. Packet structure for 
peripheral-to-processor transaction is the same as for the processor-to-peripheral direction. For the 
processor-to-peripheral direction, two basic packet formats are the same as the peripheral-to-processor 
direction: Short and Long packet structure. BTA shall take place after every peripheral-to-processor 
transaction. This returns bus control to the host processor following the completion of the LP transmission 


from the peripheral. 


There are four basic types of peripheral-to-processor transactions. 

> Tearing Effect: It is a Trigger message sent to convey display timing.information to the host processor. 

> Acknowledge: It is a Trigger Message sent when the current transmission, aswell as all preceding 
transmissions since the last peripheral to host communication. 

> Acknowledge and Error Report: It is a Short packet sent if any. errors were detected in preceding 
transmissions from the host processor. 

> Response to Read Request: It may be a Short or Long packet that returns data requested by the 
preceding READ command from the processor. 


Interpretation of processor-to-peripheral transactions with BTA asserted, and the expected responses, are as 

follows: 

> Following a non-Read command: If \no errors were detected, the peripheral shall respond with 
Acknowledge. 

> Following a Read request: The peripheral shall send the requested READ data if no errors were 
detected and stored since the last peripheral to host communication. 

> Following a Read request: If only a single-bit ECC error was detected and corrected, the peripheral 
shall send the requested READ data in a Long or Short packet and a 4-byte Acknowledge and Error 
Report packet in the same LP transmission. 

> Following a non-Read command: If only a single-bit ECC error was detected and corrected, the 
peripheral shall respond to BTA by sending a 4-byte Acknowledge and Error Report packet. 

> Following a Read request: If multi-bit ECC errors were detected and not corrected, the peripheral shall 
sendya.4-byte Acknowledge and Error Report packet without sending Read data. 

> Following a non-Read command: If multi-bit ECC errors were detected and not corrected, the 
peripheral shall not execute the command, and shall send a 4-byte Acknowledge and Error Report 
packet. 

> Following any command: If SoT Error, SoT Sync Error, the VC of DSI or the ID of DSI Invalid or DSI 
protocol violation was detected, or the DSI command was not recognized, the peripheral shall send a 4- 
byte Acknowledge and Error Report response. 

> — Following any command: If EoT Sync Error or LP Transmit Sync Error is detected, or a checksum error 
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is detected in the payload, the peripheral shall send a 4-byte Acknowledge and Error Report packet. 


Error Report Format 


The following table shows the bit assignment for all error report. 


Bit Description 
0 SoT Error 
1 SoT Sync Error 
2 EoT Sync Error 
|3 | Escape Mode Entry Command Errr >>> i”: AØ 
4 Low-Power Transmit Sync Error 
5 HS Receive Timeout Error 
6 False Control Error 
7 Reserved 
8 ECC Error, single-bit (detected and corrected) 
9 ECC Error, multi-bit (detected, not corrected) 
10 Checksum Error (Long packet only) 
11 DSI Data Type Not Recognized 
12 DSI VC ID Invalid 
13 reserved 
14 reserved 
15 reserved 


OOOO 
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Peripheral-to-Processor Transaction — Detail Format Description 


The following list is the complete set of peripheral-to-processor data types. 


Data type, | Data type Description Packet 
hex binary size 

02h 00 0010 | Acknowledge and error report short 

08h 00 1000 | reserved short 

11h 01 0001 | GEN short read reponse, 1byte returned short 

12h 010010 | GEN short read reponse, 2bytes returned short 

1Ah 011010 | Generic long read reponse long 

1Ch 011100 | DCS long read reponse long 

21h 100001 | DCS short read reponse, 1byte returned short 

22h 100010 | DCS short read reponse, 2bytes returned short 

> Acknowledge and error report: It is sent with BTA asserted when a reportable error is detected in the 
preceding, or earlier, transmission from the host processor. 

> Generic Short Read Response: This is the short-packet response. to.Generic READ Request. Packet 
composition is the Data Identifier (DI) byte, two bytes of payload data and an ECC byte. If the 
command itself is possibly corrupt, due to an uncorrectable ECC error, SoT or SoT Sync error, the 
requested READ data packet shall not be.sent.and only the Acknowledge and Error Report packet shall 
be sent. 

> Generic long read reponse: This is the. long-packet response to Generic READ Request. Packet 
composition is DI followed by.a two-byte Word. Count, an ECC byte, N bytes of payload, and a two-byte 
Checksum. If the command itself is, possibly corrupt, due to an uncorrectable ECC error, SoT or SoT 
Sync error, the requested READ data packet shall not be sent and only the Acknowledge and Error 
Report packet shall be sent. 

> DCS long read reponse: This isxa Long packet response to DCS Read Request. Packet composition is 
DI followed by a two-byte Word Count, an ECC byte, N bytes of payload, and a two-byte Checksum. If 
the DCS command itself is possibly corrupt, due to uncorrectable ECC error, SoT or SoT Sync error, 
the.requested READ data packet shall not be sent and only the Acknowledge and Error Report packet 
shall be sent. 

> DCS short read reponse: This is the short-packet response to DCS Read Request. Packet composition 


is Dl.tworbytes of payload data and an ECC byte. If the command itself is possibly corrupt, due to an 
uncorrectable ECC error, SoT or SoT Sync error, the requested READ data packet shall not be sent 
and only the Acknowledge and Error Report packet shall be sent. 


OO 
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7.6.4 Notice 
1. We recommend users to stay in STOP state for 500ns when switching from LPDT to HSDT. 


2. We recommend users to adopt EoTp to enhance overall robustness of the system during HSDT. 


SS 
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7.7 MDDI Interface 


The RM68120 supports the Mobile Display Digital Interface (MDDI) is a differential small amplitude serial 
interface for high-speed data transfer through the following lines: DATAOQ_P/M, DATA1_P/M and STB_P/M. 
The specifications of MDDI supported by the RM68120 meet the MDDI specifications Version 1.2 as 
published by the Video Electronics Standards Association (VESA). 

The RM68120 offers the bi-direction link to use for the register and display data read / write. 

For power saving, the RM68120 offers both hibernation mode (Send shutdown packet), and enter deep 
standby mode to reduce power consumption. 

The RM68120 supports the MDDI Type-l and Type-ll of the MDDI specifications,Version, 1<2 and the 


application diagram is illustrated as follow. 


Driver IC 


K_X_X_X_X_ XX XX) 
MDDI_DATAP/M 


signals 


Wd sve > 


Notes: 

1. Based on the system configuration, use TE signal as the reference signal for moving picture display to 
avoid the tearing effect. 

2. When enter to the MDDI interface from other interface, the Host needs to wait 100ms and can start to 
send any packet. For example wake up packet. 

3. After shutting down the MDDI interface the Host needs to wait 500ns and can start to send wake up 
packet to wake up the MDDI link. 

4. The terminal resistors are embedded between MDDI_DATAO_P/M, MDDI_DATA1_P/M and 
MDDI_STB_P/M. 
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7.7.1 MDDI Link Protocol 
The RM68120’s MDDI Link Protocol is in accordance with the MDDI specifications as published by VESA; 


refer to these specifications for more information on the MDDI Link Protocol. 


DO NOT send any packets that are not supported by the RM68120 into a system containing the RM68120. 


Supported MDDI packets are as follows: 


RM68120 
MDDI Packet Name Packet Type Direction Supported Type 
packets 
Sub-frame header packet 15359 (Ox3BFF) |Forward Type I/Type Il 
Type I/ Type II 
(Forward) 
Filler packet 0 Forward/Reverse 
Type | Only 
Link Control 
(Reverse) 
Packet 
Link Shutdown packet 69 (0x45) Forward Type |/Type Il 
Reverse link encapsulation packet 65 (0x41) Forward Type | Only 
Round-trip delay measurement packet |82 (0x52) Forward Type I/Type Il 
Forward link skew calibration packet 82 (0x52) Forward Type I/Type Il 
Client capability packet 66 (0x42) Reverse Type | Only 
Client request and status packet 70 (0x46) Reverse Type | Only 
Client Status 
Type I/ Type II 
and Control xe = 
(Forward) 
Packet /Register.access packet 146 (0x92) Forward/Reverse 
Type | Only 
(Reverse) 
Basic Media |Video stream packet 16 (0x10) Forward Type |/Type Il 
Stream Flexible video stream packet 20 (0x14) Forward Type I/Type Il 
Packet Windowless video stream packet 22 (0x16) Forward Type |/Type Il 


OO 
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7.7.2 MDDI Link Packet Descriptions 


Sub-frame Header Packet 


The Sub-Frame Header Packet is the first packet of every sub-frame. 


Sub-frame Header Packet 


Packet Type Unique word Sub-frame Protocol Media-frame 
Reversed 1 Sub-frame Count 
=0x3bff =0x005a Length Version Count 


2 bytes 2 bytes 2 bytes 2 bytes 4 bytes 2 bytes 2 bytes 4 bytes 2 bytes 


Packet Contents: 
Packet Length: packet length not including the packet length field 
Packet Type: packet type is Ox3bff 
Unique Word: unique word is 0x005a 
Reserved 1: not used (set to zero) 
Sub-frame Length: specify the number of bytes per sub-frame 
Protocol version: set to zero 
m= Bit [15:2] - Reserved for future expansion. These should be set to all zero. 
m= Bits[1:0] - Sub-frame operational mode 
“00” — Sub-frame lengths strictly followed: 
“01” — Sub-frame lengths are flexible. Sub-frame packets should be sent at the first opportunity after the 
sub-frame length has been transmitted: 
“10” — Sub-frame lengths are unlimited. No more sub-frame packets are required tobe transmitted after the 
first sub-Frame.packet at startup: 
Sub-frame Count: specify the number of sub-frame header packet 
Media-frame Count: specify the. number of media-frames 


CRC: error check 


——— 
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Filler Packet 


The Filler Packet is sent when no other information is available to be sent on the forward or reverse link. 


Filler Packet 
Filler Bytes 
Packet Type=0 CRC 
(all zero recommended) 
2 bytes 2 bytes (Packet Length — 4) bytes 2 bytes 


Packet Contents: 

Packet Length: packet length not including the packet length field 
Packet Type: packet type is 0 

Filler Bytes: set to zero 


CRC: error check 


Link Shutdown Packet 
The Link Shutdown Packet is sent from the host to the client to indicate that the MDDI data and strobe will be 
shut down and go into a low-power hibernation state, 


Link Shutdown Packet 


Packet Type=69 CRC All Zero 


2 bytes 2 bytes 2 bytes (Packet Length — 4) bytes 


Packet Contents: 

Packet Length: packet length not including the packet length field 
Packet Type: packet type is 69 

CRC: error check 


All Zero: set to zero (Type; size is 16 bytes, Type Il: size is 32 bytes) 


Reverse Link Encapsulation Packet 
Data is transferred in the reverse direction using the Reverse Link Encapsulation Packet. 


Reverse Link,Encapsulation Packet 


Turn-Around 1 Turn-Around 2 
Packet Type=65 hClient ID Reversed Link Flags Reverse Rate Divisor 
Length Length 
2 bytes 2 bytes 1 byte 1 byte 1 byte 1 byte 
All Zero 1 Turn-Around 1 Reversed Data Packets Turn-Around 2 All Zero 2 
8 bytes x bytes (Packet Length —x -y -26) bytes y bytes 8 bytes 


a 
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Packet Contents: 

Packet Length: packet length not including the packet length field 
Packet Type: packet type is 65 

hClient ID: set to zero 

Reverse Link Flags: 


m BitO - 0: No packet request 


1: Host needs the Client Capability Packet 
m Bit1 - 0: No packet request 


1: Host needs the Client Request and Status Packet 


m= Bit [7:2] - setto zero 


Reverse Rate Divisor: reverse data rate = reverse link data clock 

Turn-Around 1 Length: the length of Turn-Around 1 is the forward linkdata rate 

Turn-Around 2 Length: the length of Turn-Around 2 is determined.by Round-trip delay of the link 
Parameter CRC: error check 

All zero: set to zero 

Turn-Around 1: First turn-around period 

Reverse Data Packets: A series of data packets transferred from the client to host 


Turn-Around 2: The second turn-around period 


Round-Trip Delay Measurement Packet 

The Round-Trip Delay Measurement Packet is used to measure the propagation delay from the host to the 
client plus the delay from,.the client back to the host. This packet is most useful when the MDDI link is 
running at the maximum speed intended for a particular application. The packet may be sent in Type | mode 
and at a lower data,rate to increase the range of the Round-Trip delay measurement. 


Round Trip Measurement Packet 


Packet Type=82 hClient ID Parameter CRC 
2 bytes 2 bytes 2 bytes 2 byte 
Guard Time 1 Measurement Period All Zero Guard Time 2 
64 bytes 64 bytes 2 bytes 64 bytes 


Packet Contents: 
Packet Length: packet length not including the packet length field 
Packet Type: packet type is 82 
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hCilent ID: set to zero 

Parameter CRC: error check 

Guard Time 1: allow overlap of the host and client 

Measurement Period: a 64 bytes window to allow the client to respond 
All Zero: set to zero 


Guard Time 2: allow overlap of the measurement period by the client 


The timing of events during the Round-Trip Delay Measurement Packet illustrates as follow. 


All Zero 

j= EN E r Guard Time 1 
acke’ arameter 
Data from Host Type Ea 
0. 


2 bytes 64 bytes 


Measurement Period Guard Time 2 


Packet 
Length 


I 
I 
[j 
i 
64 bytes i (next packet) 
Hostto , i 
Client > FFh, FFh,& 30 bytes 1 
D i 
i 
' 


5 elay of Oh sequence at 


Data from Client ne 
= 


‘= 
Aggregate Data Packet Packet 
viewed at Host, _ Type | CRC 


2 > Length 


Round-Trip H 3 
Delay ' 


-g-4---------}----4-----7}--- 


Forward Link Skew Calibration Packet 

This packet allows the client to calibrate itself.for differences in the propagation delay of the MDDI_DATA 
signals with respect to the MDDI_STB signal. Without delay skew compensation the maximum data rate 
must be limited to account for the worst-case variation in these delays. It is recommended that this packet 
only be sent when the forward link data rate is configured to 50 Mbps or lower. After sending this packet to 
calibrate the client'the,data rate may be stepped up above 50 Mbps. With the data rate set too high during 
the skew calibration process theyclient might synchronize to an alias of the bit period which would cause the 
delay skew.compensation setting to be off by more than one bit time, resulting in erroneous data clocking. 
The greatest possible Interface Type must be selected prior to sending the Forward Link Skew Calibration 
Packet so that all existing data bits are calibrated. The client must indicate its ability to support the Forward 
Link Skew Calibration Packet via bit 19 of Client Feature Capability Indicators field of the Client Capability 
Packet. 

Prior to performing skew calibration the host must not send data faster than the rate specified by the Pre- 
calibration Data Rate Capability field of the Client Capability Packet. However, after calibration is performed, 
the host may send data up to the rate defined by the Post-calibration Data Rate Capability field. It is 


recommended that the host send the Forward Link Skew Calibration Packet at regular intervals to correct 
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changes in the relative delay between the different signal pairs due to changes in temperature. 


Forward Link Skew Calibration Packet 


Packet Type=83 hClient ID Parameter CRC All Zero 1 Calibration Data Sequence All Zero 2 


2 bytes 2 bytes 2 bytes 2 bytes 2 bytes Pacet Length — 22 bytes 2 bytes 


Packet Contents: 

Packet Length: packet length not including the packet length field 

Packet Type: packet type is 83 

hCilent ID: set to zero 

Parameter CRC: error check from packet length to the hClient ID. 

All Zero 1: 

8 bytes that contain eight 8-bit unsigned integers equal to zero. This field ensures, that there will be a 
transition on MDDI_STB at the beginning of the Calibration DatasSequence field. It also provides sufficient 
time for the client core logic to change the mode of the clock recovery circuit from using the XOR of 
MDDI_Data0 and MDDI_ STB to simply using MDDI STB as the recovered clock. 

Calibration Data Sequence: 

a data sequence that causes the MDDI_Data,signals to toggle at every data period. The length of the 
Calibration Data Sequence field is determined bythe interface type being used on the forward link. During 
the Calibration Data Sequence the MDDI host controller sets all MDDI_Data signals equal to the strobe 
signal. The client clock recovery circuit must use only MDDI_STB rather than MDDI_STB XOR MDDI_Data0 
to recover the data clock while the Calibration Data Sequence field is being received by the client. 
Depending on the exact phase of MDDI_ STB at the beginning of the Calibration Data Sequence field the 
Calibration Data Sequence willbe one of the following based on the interface Type being used when this 
packet is sent: 

m  Aype1 - (64.byte data sequence) AAh, AAh -:- or 55h, 55h- 

m ‘Type2 - (128 byte data sequence) CCh, CCh --- or 33h, 33h--- 

All Zero 2: 

8 bytes that contain eight 8-bit unsigned integers equal to zero. This field provides sufficient time for the 


client core logic to change the mode of the clock recovery circuit back to the original state, from using 


MDDI_STB as the recovered clock to using the XOR of MDDI_DataO and MDDI_ STB. 


Client Capability Packet 


It is recommended that the client send a Client Capability Packet to the host after forward link 
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synchronization is acquired, and it is required when requested by the host via the Reverse Link Flags in the 
Reverse Link Encapsulation Packet. 


Client Capability Packet 


Interface Type 
Packet Type=66 | cClientID | Protocol Version | Min Protocol Version Pre-calibration Data Rate Capability 
Capability 
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 1 byte 


Number of Alt Post-calibration Data 
Bitmap Width Bitmap Height Display Window Width Display Window Height Color Map Size 
Display Rate Capability 
1 byte 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 4 bytes 
Color Map RGB Monochrome 
RGB Capability Reversed 1 Y Cb Cr Capability Bayer Capability Revered 2 
Width Capability 
2 bytes 2 bytes 1 byte 1 byte 2 bytes 2 bytes 2 bytes 
Client Feature Max Video Min Video Audio Sample 
Min Sub-frame Rate Audio Buffer Depth Audio Channel Capability 
Capability Frame Rate Frame Rate Rate Capability 
4 bytes 1 byte 1 byte 2 bytes 2 bytes 2 bytes 2 bytes 
Audio Sample Mic Sample Mic Sample Rate Keyboard Data Pointing Device Data Content Protection Type Mfr Name 
Resolution Resolution Capability Format Format 
1 byte 1 byte 2 bytes 1 byte 1byte 2 bytes 2 bytes 
Product Code Reversed 3 Serial Number Week of Mfr Year of Mfr CRC 
2 bytes 2 bytes 4 bytes. 1 byte 1 byte 2 bytes 


Packet Contents: 

Packet Length: packet length not including the packet length field 

Packet Type: packet type is 66 

cClient ID: set to zero 

Protocol Version: set to 0002h 

Min Protocol Version: specify the minimum protocol version (0001h) 

Pre-Calibration Data Rate Capability: specify the maximum data rate the client can receive (190h) 
Interface Type Capability: Client can function in Type 2 (2-bit) mode on the forward link (01h) 
Number of Alt Displays: set to zero 


Post-Calibration Data Rate Capability: specify the maximum data rate the client can receive (190h) 
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Bitmap Width: specify the width of the bitmap (1E0h) 

Bitmap Height: specify the height of the bitmap (320h) 

Display Window Width: specify the width of the display window (1E0h) 
Display Window Height: specify the height of the display window (320h) 
Color Map Size: set to zero 

Color Map RGB Width: set to zero 

RGB Capability: specify the resolution of RGB format (0888h) 
Monochrome Capability: set to zero 

Reserved 1: set to zero 

Y Cb Cr Capability: set to zero 

Bayer Capability: set to zero 

Reserved 2: set to zero 

Client Feature Capability Indicators: OOCC8000h 

Maximum Video Frame Rate Capability: specify the maximum video frame (3Ch) 
Minimum Video Frame Rate Capability: specify the minimum video frame (3Ch) 
Minimum Sub-frame Rate: specify the minimum sub-frame rate (00h) 
Audio Buffer Depth: set to zero 

Audio Channel Capability: set to zero 

Audio Sample Rate Capability: Setto zero 

Audio Sample Resolution: set to zero 

Mic Audio Sample Resolution: set to zero 

Mic Sample Rate Capabilitysset to zero 

Keyboard Data Format: set to zero 

Pointing Device Data Format: set to zero 

Content,Protection Type: set to zero 

Mfr Name: set to,0000h 

Product.Code: set to 6812h 

Reserved 3: set to zero 

Serial Number: set to zero 

Week of Manufacture: set to zero 

Year of Manufacture: 00h 


CRC: error check 
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Client Request and Status Packet 
The host needs a small amount of information from the client so it can configure the host-to-client link in an 
optimum manner. The Client Request and Status Packet is required to report errors and status to the host. 


Client Request and Status Packet 


CRC Error Client Client Busy 
Packet Type=70 cClient ID Reverse Link Request CRC 
Count Status Flags 
2 bytes 2 bytes 2 bytes 2 bytes 1 byte 1 byte 2 bytes 2 bytes 


Packet Contents: 
Packet Length: packet length not including the packet length field 
Packet Type: packet type is 70 
cClient ID: set to zero 
Reverse Link Request: specify the number of bytes the client needsiin the reverse link in the next sub-frame 
to send information to the host. 
CRC Error Count: count the number of CRC errors occurred 
Client Status: 
m BitO - 1: capability has changed 
0: capability has not changed 


| Bit1 - indicates the client has detected an error 
E Bit [7:2] - setto zero 


Client Busy Flags: 


m § BitO - bitmap block transfer function is busy 
gm Bit1 - bitmap areapfill function is busy 

E Bit2 - [bitmap pattern fillfunction is busy 

E  Bit3»- the graphics subsystem is busy 

m Bit [15:4] = set to zero 


CRC: error check 


Register Access Packet 
Register Access Packet is utilized when setting instruction to the RM68120. This packet cannot be used for 
RAM access. 


Register Access Packet 
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Read/Write Register Parameter Register Data 
Packet Type=146 bClient ID Register Data List 
Info Address CRC CRC 
2 bytes 2 bytes 2 bytes 4 bytes 2 bytes (Packet Length -14) bytes 2 bytes 


Packet Contents: 

Packet Length: packet length not including the packet length field 
Packet Type: packet type is 146 

bClient ID: set to zero 


Read/Write Info: 


Bits[15:14] Read/Write Flags 
00 Write 
01 Reserved 
10 Read 
|11 | Response to read | 


Bit [13:0] — specifies the number of 32-bit registerdata list items to be transferred in the Register Data List 
Filed. 

Register Address: upper bits shall set to zero 

Parameter CRC: error check from packet length to the register address 

Register Data List: written (or read).registers to (from) client 


Register Data CRC: error check of the register data list 


Video Stream Packet 


The RM68120 supports the Video Stream Packet to transfer display data including RGB data to RAM. 


Video Stream Packet 


Video Data Format Pixel Data 
Packet Type=16 bClient ID X Left Edge Y Top Edge 
Desriptor Attributes 
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 
X Right Edge Y Bottom Edge X Start Y Start Pixel Count Parameter CRC Pixel Data Pixel Data CRC 
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes (Packet Length -26) bytes 2 bytes 
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Packet Contents: 
Packet Length: packet length not including the packet length field 
Packet Type: packet type is 16 

bClient ID: set to zero 


Video Data Format Descriptor 


[15:12] | [11:18] [7:4] [3:0] Transfer pixel format 

0101 0x8 0x8 0x8 Packed 24 bits pixel RGB format (R:G:B=8:8:8) 
0101 0x6 0x6 0x6 Packed 18 bits pixel RGB format (R:G:B=6:6:6) 
0101 0x5 0x6 0x5 Packed 16 bits pixel RGB format (R:G:B=5:6:5) 
Others setting disabled 


Pixel Data Attributes: The pixel data is written to RAM buffer of RM68120 (00C3h) 

X Left Edge: Specify the X coordinate of the left edge of the screen window filled by the Pixel Data field. 
Y Top Edge: Specify the Y coordinate of the top edge of the screen window filled by the Pixel Data field 
X Right Edge: Specify the X coordinate of the right edge of the window being updated. 

Y Bottom Edge: Specify the Y coordinate of the bottom edge of the window being updated. 

X Start: Specify X start address for the first pixel in the Pixel Data field below. 

Y Start: Specify Y start address for the first pixehin the Pixel Data field below. 

Pixel Count: specify the number of pixels 

Parameter CRC: error check from packet length to the pixel count 

Pixel Data: the raw video data 


Pixel Data CRC: error check of.the pixel data 


Pixel Data Format 


MDDI data byte | l | D2 Color 

RGB Byte n 65-Color 

5:6:5 (1 pixel/ 16 bits RGB format) 

RGB 262K-Color 

6:6:6 (1 pixel/ 18 bits RGB format) 

RGB 16.7M-Color 

8:8:8 Byte n+1 (1 pixel/ 24 bits RGB format) 
Byte n+2 


Flexible Video Stream Packet 
The RM68120 supports the Flexible Video Stream Packet to transfer display data including RGB data to 


RAM. This allows for a reduction in the number of fields sent in an environment where one or more fields are 
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not changing values. 


Flexible Video Stream Packet 


Field Present Video Data Format Pixel Data 
Packet Type=20 bClient ID X Left Edge Y Top Edge 
Flags Description Attributes 
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 
X Right Edge Y Bottom Edge X Start Y Start Pixel Count Parameter CRC Pixel Data Pixel Data CRC 


Packet Length — 
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 
present header bytes 


Packet Contents: 
Packet Length: packet length not including the packet length field 
Packet Type: packet type is 20 
bClient ID: set to zero 
Field Present Flags: indicates the field in the packet is present,(value “1”) or not present (value “O”). 
- Bit 0: indicates the presence of the Video Data Format Description Field. 
- Bit 1: indicates the presence of the Pixel Data Attributes Field. 
- Bit 2: indicates the presence of the X Left Edge Field. 
- Bit 3: indicates the presence of the Y Top.Edge Field. 
- Bit 4: indicates the presence of the X Right Edge Field. 
- Bit 5: indicates the presence of the Y Bottom Edge Field. 
- Bit 6: indicates the presence of the X Start Field. 
- Bit 7: indicates the presence ofthe Y Start Field. 
- Bit 8: indicates the presence of the Pixel Count Field. 
- Bits [15:9] arevall “0”. 


Video Data Format Descriptor 


[15:12] | [11:18] [7:4] [3:0] Transfer pixel format 

0101 0x8 0x8 0x8 Packed 24 bits pixel RGB format (R:G:B=8:8:8) 
0101 0x6 0x6 0x6 Packed 18 bits pixel RGB format (R:G:B=6:6:6) 
0101 0x5 0x6 0x5 Packed 16 bits pixel RGB format (R:G:B=5:6:5) 
Others setting disabled 


X Left Edge: Specify the X coordinate of the left edge of the screen window filled by the Pixel Data field. 
Y Top Edge: Specify the Y coordinate of the top edge of the screen window filled by the Pixel Data field 
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X Right Edge: Specify the X coordinate of the right edge of the window being updated. 

Y Bottom Edge: Specify the Y coordinate of the bottom edge of the window being updated. 
X Start: Specify X start address for the first pixel in the Pixel Data field below. 

Y Start: Specify Y start address for the first pixel in the Pixel Data field below. 

Pixel Data Attributes: The pixel data is written to RAM buffer of RM68120 (O0C3h) 

Pixel Count: specify the number of pixels 

Parameter CRC: error check from packet length to the pixel count 

Pixel Data: the raw video data 


Pixel Data CRC: error check of the pixel data 


Windowless Video Stream Packet 
The RM68120 supports the Windowless Video Stream Packet to transfer display data including RGB data to 
RAM. This packet type assumes that full screen updates are always occurring and therefore there is no need 


for the window information. 


Windowless Video Stream Packet 


Video Data Format Pixel Data 
Packet Type=22 bClient ID Pixel Count Parameter CRC 
Description Attributes 
2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 2 bytes 
Pixel Data Pixel Data CRC 


Packet Length — 14 bytes 2 bytes 


Packet Contents: 
Packet Length: packet length not including the packet length field 
Packet Type: packet type is 22 

bClient ID: set to zero 


Video Data Format Descriptor 


[15:12] | [11:18] [7:4] [3:0] Transfer pixel format 

0101 0x8 0x8 0x8 Packed 24 bits pixel RGB format (R:G:B=8:8:8) 
0101 0x6 0x6 0x6 Packed 18 bits pixel RGB format (R:G:B=6:6:6) 
0101 0x5 0x6 0x5 Packed 16 bits pixel RGB format (R:G:B=5:6:5) 
Others setting disabled 


Pixel Data Attributes: The pixel data is written to RAM buffer of RM68120 (00C3h) 
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Pixel Count: specify the number of pixels 
Parameter CRC: error check from packet length to the pixel count 
Pixel Data: the raw video data 


Pixel Data CRC: error check of the pixel data 
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7.7.3 Writing Video Data to Memory Sequence 
In order to write video data to memory, the following sequence should be programmed. This packet should 


be followed by video stream packets. 


Video Data Transfer 
(Video Stream Packet) 


en ee 


Video Data Transfer 
(Video Stream Packet) 


| 
| 
| 
| 
y 


Video Data Transfer 
(Video Stream Packet) 


Writing Video Data to Memory Sequence 


OO 
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7.7.4 Writing Register Sequence 


In order to write registers, register access packet should be used. Register access packet is used to write 


data to register. 


Writing Register Sequence: 


Command Transfer 
(Register Access Packet) 


| 


7.7.5 Reading Video Data from Memory Sequence 


In order to read a pixel data from memory (readable one pixel only); the following sequence should be 
programmed. Memory read command (2E00h) is followed by reverse encapsulation packet. DDI transmits 


video pixel data through encapsulation packet. Please refer to VESA spec for detailed description. 


Reading Video Data from Memory Sequence: 


Round-Trip Delay Measurement Transfer 
(Round-Trip Delay Measurement Packet) 


Read Memory Transfer (2E00h) 
(Register Access Packet) 


l 


Reverse Encapsulation Transfer 
(Reverse Encapsulation Packet) 


l 


Notes: 

1. X addressessfor memory data read is set by 2A00h and 2A01h (XS[15:0]). 

The parameters of 2A00h and 2A01h are stored on relative registers while command 2A00h~2A03h are 
executed completely. See also section “6.1 User Command Set” and Note 2. 

2. Y addresses for memory data read is set by 2BOOh and 2B01h (YS[15:0]). 

The parameters of 2B00h and 2B01h are stored on relative registers while command 2B00h~2B03h are 


executed completely. See also section “6.1 User Command Set” and Note 2. 
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7.7.6 Reading Register Sequence 


In order to read registers, the following sequence should be programmed. Next, register read command is 
followed by reverse encapsulation packet. DDI transmits register data through encapsulation packet. Please 


refer to VESA spec for detailed description. 


Reading Register Sequence: 


Round-Trip Delay Measurement Transfer 
(Round-Trip Delay Measurement Packet) 


Read Register Command Transfer 
(Register Access Packet) 


| 


Reverse Encapsulation Transfer 
(Reverse Encapsulation Packet) 


l 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page101 


RM68120 Data Sheet 


Raydium fev (60 


7.7.7 Hibernation Setting 
The Client MDDI of the RM68120 provides a hibernation setting. The methods for waking up the hibernation 


mode can be determined based on actual usage. 


Host-Initiated Wake-up Wake up the MDDI link by MDDI Host 


Note: In the Hibernation state, the data is retained in RAM and the display operation is maintained. 
Hibernation setting and wake-up sequence must in accordance with VESA-MDDI specifications: 


Hibernation setting sequence 


Hibernation Wake-up sequence 


yla | y 
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7.7.8 MDDI Deep Standby Mode Setting 
The Client MDDI of the RM68120 includes a MDDI deep standby mode setting so it can enter a off state and 


reduce power consumption during Hibernation mode. 

The MDDI enters Hibernation mode when a Shutdown Packet is sent. The standby power needs of the Client 
MDDI can be reduced, even while the MDDI Link is maintained in Hibernation mode. 

When entering MDDI deep standby mode, the RM68120 stops operation rather than maintaining Hibernation 
mode. Input low pulse 3 msec from RESX pin to cancel deep standby mode, after which a.Host-lnitiated 
Wake-up should cancel the Hibernation mode. 

When in deep standby mode, instruction settings and RAM data are not stored, so they must,be reset after 
Hibernation mode is cancelled. 

Follow the sequence indicated in the VESA MDDI specifications when initiating or canceling the Hibernation 


mode. 


State Transitions in MDDI Deep Standby Mode: 


RESET 


MDDI 
Hibernation 


Shutdown Packet Exit MDDI Deep Standby Mode 
Input low pulse more than 3 


msec to pin RESX 


Host 
Initiated 


Shutdown 
Packet 


MDDI 
Deep Standby 


Set SLPOUT (1100h) and 
Set DISPON (2900h) 


MDDI Active 
(Sleep-in Mode 
and Display Off 


SetDISPOFF (2800h) and 


Set SLPIN (1000h) Enter MDDI Deep Standby Mode 


Set DSTBON (4F00h) and DSTB=1 
to enter MDDI Deep Standby Mode 


Note: When the RM68120 is in the MDDI Hibernation mode or MDDI deep standby mode, both links are in 


the link hibernation states. 


Se 
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MDDI Deep Standby Mode Sequence 


Enter Sleep-In Mode and Display Off 


Set DSTBON (4F00h) and DSTB=1 
(Register Access Packet) 


MDDI Deep Standby Mode 


Exit MDDI Deep Standby Mode 
(Input low pulse more than 3msec to RESX) 


Delay 5 msec 


MDDI Wake up 


Initial Instruction Setting and RAM Data Setting 


Display On Sequence 


Note: When in MDDI Deep Standby mode, instructionsettings and RAM data are not stored, so they must be 


reset after Hibernation mode is‘cancelled. 
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7.8 Display Data RAM 


7.8.1 Configuration 
The display data RAM stores display dots and consists of 9,953,280bits (480 x 24 x 864 bits). There is no 
restriction on access to the RAM even when the display data on the same address is loaded to DAC. There will 
be no abnormal visible effect on the display when there is a simultaneous Panel Read and Interface Read or 


Write to the same location of the frame memory. 


MCU Interface 


Column Counter 


Panel Side 


480 x 864 x 24 bits 
Frame Memory 


Jayunoy Sed 


JoyUIOg UIT 


Interface Side 
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7.8.2 Memory to Display Address Mapping 
In this mode, content of the frame memory within an area where column pointer is 0000h to 01DFh and 
page pointer 0000h to 035Fh is displayed. To display a dot on leftmost top corner, store the dot data at 


(column pointer, page pointer) = (0, 0). 


7X 
Paanu 
efet 


DDE 


Sne 
Hanada 
effete 
Doga 


000h 


Boon "i 


DNNE 


DDE 


480 X 864 X 24 Bits 480 X 864 X 24 Bits 
Frame Mmory LCD Panel 


DOE fefe 
wet SANE 
PEEP] Eeee 
pacana Sore EEE Ebb P| 


DADA 
mfeA 
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7.9 Tearing Effect Output 


The tearing effect output line supplies to the MCU a panel synchronization signal. This signal can be 
enabled or disabled by the set_tear_off (34h) and set_tear_on (35h) commands. The mode of the tearing 
effect signal is defined by the parameter of the set_tear_on (35h) and set_tear_scanline(44h) commands. 


The signal can be used by the MCU to synchronize Frame Memory Writing when displaying video images. 


7.9.1 Tearing Effect Line Mode 


Mode 1, the tearing effect output signal consist of V-sync information only: 
tvdl tvdh 


tvdh = The LCD display is not updated from the frame memory. 
tvdl = The LCD display is updated from the frame memory. 


Mode 2, the tearing effect output signal consist,of V-sync and H-sync information: 


/ | Fy \ DAP 


Invisible Ist 864th 
Line Line Line 
thdh = The LCD display is not updated,from the frame memory. 
thdl = The LCD display.is updated from the frame memory. 


Mode 3, this mode turn on the tearing effect output signal when vertical scanning reachs line N. 


=864 


N = The N-th scanning line which set by register N[15:0] of command STESL(44h). 


Oe 
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Bottom Line | | 


Note. During Sleep In mode, the tearing effect output signal is active low. 


C yy y yyl 
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7.9.2 Tearing Effect Line Timing 
The tearing effect signal is described as below: 


t t 
P vdi uP vdh J 


iis HA IAA IAA 
Horizontal Timing 


t t 
hdl >| le dh 


AC characteristics of Tearing Effect Signal (Frame Rate = 60.5Hz) 


Symbol Parameter Min. | Max. | Unit | Description 
tvdl Vertical timing low duration TBD ms 
tvdh | Vertical timing high duration TBD us 
thdl Horizontal timing low duration | TBD us 
thdh | Horizontal timing high duration, TBD us 


Notes: 
1. The timings apply when MADCTL B4=0 and B4=1 
2. The signal’s rise and fall times (tf, tr) are stipulated to be equal to or less than 15ns. 


tr tr 


The Tearing Effect Output Line is fed back to the MCU and should be used as shown below to avoid tearing 


effect: 


The Tearing Effect output line supplies to the MCU a panel synchronization signal. This signal can be 
enabled or.disabled by the set_tear_off(34h), set_tear_on(35h) commands. The mode of the Tearing 
Effect Signal is defined by the Parameter of the Tearing Effect Line On command. The signal can be used 
by the MCU to synchronize Frame Memory Writing when displaying video images. 


TEON (35h) | TELOM (35h, 1° bit) | TE signal Output 
0 * 


GND 
1 0 TE (Mode 1) 
1 1 TE (Mode 2) 
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7.10 Panel Type 


7.10.1 Normal Type 


Bottom Side 
normal (CTB=0, CRL=0, CRGB=0) 


G479 


g 
R480 B480 


S1429 $1430 51431 51432 $1433 S1434 $1435 51436 051437 $1438). S1439 S1440 SD2 SD3 


SD0 SDI 


D5 D6 DI D2 D3 D4 D5 D6 DI D2 D3 D4 D5 D6 D5 D6 


Upper Side 


normal (CTB=0, CRL=1, CRGB=1) 
D6 D5 D6 D5 D4 D3 D2 DI D6 D5 DI D3 D2 DI D6 D5 
SD3 SD2 S1440 51439 51438 51437 S1436 §1435 §1434 51433 51432 51431 $1430 51429 SDO 
7.10.2 Zigzag Type 1 
Bottom Side 
Type 1 : ZZ_RL=1, ZZ_EO=0(GTB=0, CRL=0, CRGB=0) 
G1 R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
R1 B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
Gl R2 B2 G3 R4 B4 G477 R478 B478 6479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
SD0 SD4 SL Sz s3 S4 55, S6 s7 S8 59 S10 SIL S12 81429 51430 51431 81432 81433 81434 81435 51436 51437 51438 51439 51440 SD2 SD3 
D5 D6 DI D2 D3 D4 D5 D6 DI D2 D3 D4 D5 D6 D5 D6 
Upper Side 
Type 1 2>ZZ_RL=0, ZZ_EO=0(CTB=0, CRL=1, CRGB=1) 
D6 D5 D6 DS D4 D3 D2 DI D6 Ds D4 D3 D2 DI D6 D5 
SD3 SD2 $1440 51439 81438 51437 51436 51435 §1434 51433 51432 51431 §1430 81429 S12 sil S10 so S8 S7 S6 ss 4 $3 S2 sl SD1 SDO 
G1 R2 B2 G3 R4 B4 G47 R478 B478 G479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
G1 R2 B2 G3 R4 B4 G47 R478 B478 G479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
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RM68120 Data Sheet 


Rev - 0.0 
7.10.3 Zigzag Type 2 
Bottom Side 
Type 2 : ZZ_RL=1, ZZ_EO=1(CTB=0, CRL=0, CRGB=0) 
Gl R2 B2 G3 R4 B4 G477 R478 B478 6479 R480 B480 
R1 B1 G2 R3 B3 G4 R478 B478 6478 R479 B479 G480 
Gl R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
Rl Bl G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
SDO SDI SI S2 53 S4 ss s6 57 S8 so S10 Si $12 $1429 $1430 §1431 §1432 51433 81434 51435 51436 51487 981438 51439 81440 SD2 SD3 
D5 D6 DI D2 D3 D4 D5 D6 DI m D3 D4 D5 D6 D5 D6 
Upper Side 
Type 2 : ZZ_RL=0, ZZ_EO=1(CTB=0, CRL=1, CRGB=1) 
D6 DS D6 D5 D4 D3 D2 DI D6 D5 D4 D3 D2 DI D6 D5 
SD3 SD2 S1440 51439 51438 51437 51436 51435 51434 51433 51432 51431 51430 51429 S12 Si S10 59 S8 57 S6 s5 SA 53 S2 S1 SDI SD0 
G1 R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
R1 B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
G1 R2 B2 G3 R4 B4 G477 R478 B478 6479 R480 B480 
RI Bl G2 R3 B3 G4 R478 B478 GA78 R479 B479 G480 
7.10.4 Zigzag Type 3 
Bottom Side 
Type 3 : ZZ_RL=0, ZZ_EO=0(CTB=0, CRL=0, CRGB=0) 
Gl R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
G1 R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
SDO SDI SI S2 53 S4 s5 S6 57 ss so S10 Sil S12 51429 581430 51431 51432 51433 51434 51435 51436 51437 51438 51439 51440 SD2 SD3 
D5 D6 DI D2 D3 D4 DS) D6 DI D2 D3 D4 D5 D6 D5 D6 
Upper Side 
Type; ZZ_RL=l, ZZ_EO=0(CTB=0, CRL=1, CRGB=1) 
D6 DS Do DS D4 D3 D2 DI D6 DS D4 D3 D2 DI D6 DS 
SD3 SD2 S140 61439 S1438 $1437 51436 51435 581434 81433 §1432 51431 S1430 51429 $12 S11 S10 so S8 s7 S86 S5 S4 S3 S2 SI SDI SD0 
G1 R2 B2 G3 R4 B4 G47 R478 B478 G479 R480 B480 
RI Bl G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
Gl R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
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7.10.5 ZigZag Type 4 
Bottom Side 


Type 4 : ZZ_RL=0, ZZ_EO=1(CTB=0, CRL=0, CRGB=0) 
Gl R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
G1 R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
Rl Bl G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
| | | 
SDO SDI SI S2 $3 S4 55 86 S7 S8 so S10 SI $12 $1429 $1430) $1431 §1432 51433 §1434 51435 51436 51487 981438 51439 51440 SD2 SD3 
D5 D6 DI D2 D3 D4 D5 D6 DI D2 D3 D4 D5 D6 D5 D6 


Upper Side 
Type 4 : ZZ_RL=1, ZZ_EO=1(CTB=0, CRL=1, CRGB=1) 


D6 D5 D6 D5 D4 D3 D2 DI D6 D5 D4 D3 D2 DI D6 D5 


SD3 SD2 $1440 $1439 $1438 $1437 $1436 51435 51434 $1433 51432 $1431 51430 $1429 S12 sul S10 s9 S8 S7 S6 S5 


£ 
2 


$2 SI SDI SDO 


G1 R2 B2 G3 R4 B4 G477 R478 B478 G479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
[ri G1 R2 B2 G3 R4 B4 [e] G477 R478 B478 6479 R480 B480 
RI B1 G2 R3 B3 G4 R478 B478 G478 R479 B479 G480 
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7.11 OTP Porgram Sequence 


Initial 


y 
Power ON and DISPON 


RDOTP cmd 
check related status 
(EF00h, EF01h of 
pagel)=0 ? 


OTP was programmed 


Write the value to related cmd 
address which want to program 
to OTP. 


OTPEN cmd (ED00h of page!) | { program 1D/Gamma/Display/DDB/Panel 
Set related OTP_EN bit =1 Colot/VGMP etc ) 


l 


Connect high voltage 7.5V to OTP_PWR pin 


(ex: program C7xxh of page1 for ID.) 


OTP_WR cmd(EE00h of page 1) 
Keycheck ={A5, 5A, 3C} 


wait for more than 500msec, or 
check OTP_busy flag. 


Remove high voltage 7.5V for OTP_PWR pin 


OTPEN cmd (ED00h of page1) 
Set all OTP_EN bit =0 


OTP Programming Flow 
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7.12 Independent Gamma Correction Function 


The RM68120 supports indenpedent gamma adjustment function for R color, G color and B color to 
display in 16.7M colors. The function is performed by determining grayscale levels that use gamma 
adjustment registers. The RM68120 also provides gradient control registers for adjustments of gamma 


curve. 


Original Curve 


Gradient Adjusted Curve 


GradieniAdjusted Curve 


Grayscale Voltage 


Grayscale Number 
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7.13 Dynamic Backlight Control 


The function of Dynamic Display Backlight is used to reduce the power consumption of display backlight. 
It includes Content Adaptive Brightness Control (CABC) and Light-Sensor Automatic Brightness Control 
(LABC) functions. Both two functions are used to generate a proper PWM signal according to display image 
and ambient light information. User could apply this PWM signal to control other device(s) (Such as power 
IC or LED driver IC). When the CABC and LABC functions are enabled and cooperate with external circuits 
(such as LED driver circuit), the power consumption of backlight will be reduced with keeping acceptable 
display quality. 

The CABC function is used to reduce the power consumption of display backlight. Contents. adaptation 
means that the grayscale level of image contents is raised while lowering brightness of the backlight 
simultaneously to keep same perceived brightness. The adjustment of grayscale. level and brightness 
reduction is based on the display image contents. Thus the power consumption reduction depends on the 


contents of the image. The display image and brightness are dynamically processed by CABC block. 


In order to achieve a better display quality and reduce. power consumption of the backlight at the same 
time, there are 3 different modes, user interface image mode, stillpicture mode and moving image mode, 


for user selections. 


The LABC function combines several mechanisms to provide a smooth control of sensed light information. 
Flicker Removal is used to eliminate external.light source flicker (e.g. 50 and 60 Hz). Hysteresis is used for 
preventing the transient variation ofluminance. When the LABC function is enabled, the information of the 
ambient light is sent to the brightness. control block. The user can read ambient light information or this 
information can be used for,automatic brightness control by the brightness control block. It is also possible 


to control the brightness manually. 
With combination of the CABCrand the LABC processed results, the display output brightness is adjusted. 


Display Backlight Brightness = LABC Brightness Ratio (or Manual Setting Ratio) x CABC Brightness 
Ratio 


The function of\€ABC affects both display brightness ratio and grayscale level. The function of LABC 


affects display brightness ratio only. 


Display.Brightness Output of combinations of CABC and LABC function 


LABC(Manual) CABC(Manual) | Calculation Brightness Output Image Status 
Brightness Ratio | Brightness Ratio | Ratio of LEDPWM 
Case 1 70% 60% 42% 42% CABC modified 
Case 2 50% 100% 50% 50% CABC modified 
Case 3 40% 30% 12% 12% CABC modified 
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7.13.1 PWM Control Architecture 


Sleep-Out 


LABC Registers 


LABC PWM RDPWM_L[7:0] 


DBV[7:0] 
(WRDISBV) 


RDPWMI7:0] 


CABC PWM 


FORCE_CABC_DUTY{[7:0] 


CABC Registers FORCE_CABC_PWM 


CMB[7:0] DBV[7:0] 
(WRCABCMB) 3 (WRDISBV) 


PWM_DUTY_OFFSET[4:0] 


Dimming 
Block 


Dimming Registers 


Sleep-Out 


DBV[7:0] 
(RDDISBV) 


PWM 
PWM Registers Generation 
Block 


LEDPWM_OEB 


Sleep-Out 
LEDPWM 


PWM_ENH_OE 


CLED_VOL 


LEDONR 


CLED_VOL 


Internal Display Backlight Control 


yyl | ylas 
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The register bit “BL” is used to turn on or turn off backlight control lines, “LEDPWM’” pin and “LEDON” pin. 
Normally, if user want to disable the display backlight completely and immediately, user can set “BL = 0”. 


Relations between “BL” and control lines are list below. 


BL | LEDPWPOL Status of LEDPWM Pin BL LEDONPOL Status of LEDON Pin 
0 0 0 0 
0 0 
1 1 1 1 
0 Original polarity of PWM 0 LEDONR 
i signal i 
1 inversed ey OE PM 1 Inverted LEDONR 


The register bit “BCTRL’ is used to turn on or turn off backlightcontrohblock. Display brightness which is 
controlled by LEDPWM will be turn off when user set “BCTRL = 0°. 


BCTRL Value of DBV[7;0] (RDDISBV) Display Backlight Status 
0 00h off 
1 Determined.by CABC and LABC on 


The register bit “PWM_ENH=OE” is used to adjust the driving ability of “LEDPWM” pin (“PWM_ENH_OE” 
can not affect the driving ability of “LEDON” pin). 


The register bit “CLED VOL” is used to choose different output logical voltage level for LEDON, 
LEDPWM)pins. This bit is valid when: 


(1) DSTB_DEL=low, or (2) DSTB_SEL=high, VDDI=1.65~3.3V and VSEL=high 


(The»outputlevel is VSSI to DIOPWR for other VDDI and VSEL conditions in DSTB_SEL=high). See 


below for the selection output level 


CLED_VOL | LEDON/LEDPWM Output Level PWM_ENH_OE | Driving Ability of LEDPWM Pin 
0 VSSI to VDDI 0 1X driving ability of LEDPWM 
1 VSSI to VDDA 1 2X driving ability of LEDPWM 
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The register bit “A” is used to enable / disable LABC functions. Sampling of ambient light information 


started after setting the register bit “A”. User has to write the ambient light information into the register 


“LS[15:0]” via system interface. 


The register bit “DB” is used to select manual or automatic brightness control. When “DB=0”, the display 
backlight brightness can be affected by setting register “DBV[7:0] “ (WRDISBV) manually. When “DB =1” 


display backlight is affected by automatic brightness control. Relations between register bits “DB”, “A”, 
DBV[7:0] (WRDISBV), RDPWM[7:0], and RDPWM_L[7:0] are listed in below tables. 


Driver IC State A DB Display Backlight Control 
Sleep-In x x Disable 
Sleep-Out 0 0 Control by manual setting DBV[7:0] (WRDISBV) 
Sleep-Out 0 1 Control‘by,manual setting DBV[7:0] (WRDISBV) 
Sleep-Out 1 0 Control by manual setting DBV[7:0] (WRDISBV) 
Sleep-Out 1 1 Control by LABC function 


“FORCE_CABC_PWM=0”, “CMB[7:0] = 00h” (WRCABCMB), 
“PWM_DUTY_OFFSET[4:0]=00h”, “BL=1”, “BCTRL=1”, Sleep-Out Mode 


CABC Status A DB RDPWM_L[7:0] RDPWM[7:0] Display Backlight Brightness 
0 0 
Pe renminiee By Determined by DBV[7:0] 
0 1 DBV[7:0] FFh (WRDISBV) 
Off Mode (WRDISBV) 
1 0 
Determined by l i 
1 1 LABC Function FFh Determined by LABC Function 
0 0 
Determined by Determined by Determined by 
0 1 DBV[7:0] ; DBV[7:0] (WRDISBV) x 
UI-Mode / (WRDISBV) CABC Function CABC Function 
Still-Mode / 1 0 
Moving-Mode 
1 1 Determined by Determined by LAB e ak ABC 
LABC Function CABC Function Eunction 
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The writing register DBV[7:0] (WRDISBV) is used to adjust the backlight brightness value manually when 
LABC function is disabled (register bit “A=0” and “DB=0”). Note that reading register DBV[7:0] (RDDISBV) 
is used to indicate the output PWM signal duty variation. That means DBV[7:0] (RDDISBV) is also affected 
by CABC function when CABC function is enable. 


The register setting CMB[7:0] (WRCABCCMB) is used to limit the minimum PWM duty in order to prevent 
the backlight brightness from being too dark. 


The register FORCE_CABC_DUTY[7:0] is used to perform a fixed PWM duty of CABC. output when the 
register bit “FORCE_CABC_PWM= 1”. 

The register bit “DD” is used to enable or disable the dimming function for LABC / Manual Brightness 
Control. Smooth transition of PWM duty is performed when “DD=1”. Dimming functionis applied only when 
driver IC is in sleep-out status. CABC function and LABC function are available only when driver IC is in 


sleep-out status. Availability of functions is listed in below table. 


' CABC LABC Dimming : . 
Driver IC Status Function Function Function Display Backlight Status 
Sleep-in Not Available | Not Available | NotAvailable Turn-Off 
Sleep-Out Available Available Available Controllable 


Oe 
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7.13.2 Dimming Function for LABC and Manual Brightness Control 


A dimming function (how fast to change the brightness from old to new level and what are brightness 
levels during the change) is used when changing from one brightness level to another. The dimming 
function curves for LABC and Manual Brightness Control can be configured the same or not the same in 


increment and decrement directions. The basic idea is described below. 


Brightness DBV[7:0](RDDISBV) Step Up Brightness Dimming 


Without Dimming With Dimming 


Basic Concept of Dimming Function 


The RM68120 provides two types of PWM duty dimming mechanism, “Fixed-Time Dimming” and “Fixed- 
Slope Dimming”, for LABC and manual,brightness control. The setting of dimming types for rising dimming 
and falling dimming is independent. The register,bit “SEL_IN” is for rising dimming (increment dimming), 


and the register bit “SEL_DE” is for falling dimming (decrement dimming). 


SEL_IN SEL..DE Rising Dimming Type Falling Dimming Type 
0 0 Fixed-Time Dimming Fixed-Time Dimming 
0 1 Fixed-Time Dimming Fixed-Slope Dimming 
1 0 Fixed-Slope Dimming Fixed-Time Dimming 
1 1 Fixed-Slope Dimming Fixed-Slope Dimming 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page120 


Raydium 


Fixed-Time Dimming Type 

The total dimming steps and can be set by registers “DMSTP_L[2:0]’, “DM_IN[3:0]”, and “DM_DE[3:0]”, 
respectively. These three registers can determine the total dimming time. 

The unit of registers “DM_IN[S:0 and “DM_DE[3:0]” is “frame(s) per step”. The unit of register 
DMSTP_L[2:0] is “step(s)” 


For Example: 


Register Name Value | Description 
SEL_IN 0 Fixed-Time dimming for rising dimming 
SEL_DE 0 Fixed-Time dimming for falling dimming 
DM_IN[3:0] 7h 8 frames time for each step 
DN_DE[3:0] 5h 6 frames time for each step 
DMSTP_L[2:0] 1h dimming steps is 4 steps 


Total dimming time of “rising dimming” is 32-frames time length (8 frames x 4). 
Total dimming time of “falling dimming” is 24-frames time length (6 frames x 4). 


| Dimming Period = 24 frames | 
Present PWM a (| 


Dimming Period = 32 frames 
Target PWM Duty 


| i ! 
| i 
i l 
| i 
; ; ; 
. | s f 
. n S i 
š | ey ! 
o 1 . ! 
x | 2 i 
| i ! 
| | 
Present PWM ! Target PWM Duty 
| 1 
I i 
1 1 H 
i 


PWM Duty(%) 
PWM Dutý(%) 


Du 


Time (frames) Time (frames) 


Rising Dimming Falling Dimming 


SS 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page121 


Raydium 


Fixed-Slope Dimming Type 

The increasing / decreasing PWM duty during a time period can be set by register “STEP_IN[3:0]”, 
“STEP_DE[3:0]”, “DM_IN[3:0]’, and “DM_DE[3:0]”, respectively. These three registers can determine some 
characteristics of dimming curves. 

The unit of registers STEP_IN[3:0] and STEP_DE [3:0] is “duty ratio” (FFh is 100%, and 00h is 0%). The 
unit of register DM_IN[3:0] and DM_DE[3:0] is “frame(s) per step’. 


For Example: 


Register Name Value | Description 
SEL_IN 1 Fixed-Slope dimming for rising dimming 
SEL_DE 1 Fixed-Slope dimming for falling dimming 
STEP_IN[3:0] 8h PWM increment is 8 for each step 
STEP_DN[3:0] 5h PWM decrement is 5 for each step 
DM_IN[3:0] 3h 4 frames time for each step 
DM_DE[3:0] 5h 6 frames time for each step 


When present PWM duty is “0x64” (100 in decimal),target PWM duty is 0x14 (20 in decimal), so the total 
dimming steps will be: 

Total dimming steps = (Present PWM Duty. Target PWM dutý) / (PWM decrement) 

= (100 - 20) / 5 = 16 steps 

So total dimming time for falling dimming is 80frames (16 Steps x 5) 

When new target PWM duty is “0x644, the total dimming steps will be: 

Total dimming steps = (Target PWM Duty - Present PWM duty) / (PWM increment) 

= (100 - 20) / 8 = 10 steps 


So total dimming'time for,rising dimming is 40 frames (10 Steps x 4) 


‘ Dimming Period = 80 frames Dimming Period = 40 frames 
bam OO 


Present PWM Duty | Target PWM Duty 


a pn 
x x 
z Z 
Pa Pa 
E Cn 5 
Ē frer peno a 
= = 
= = 
a a 


Time (frames) Time (frames) 


Falling Dimming Rising Dimming 
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7.13.3 PWM Signal Setting for CABC and LABC 
The registers “PWMDIV[7:0]” can change the frequency of PWM signal(L.EDPWM) and the register 
“PWM_DUTY_OFFSET[4:0]” can perform a duty compensation of the PWM signal. The “FOSC” is used to 
provide clock source for the internal PWM circuit. Three PWM operation frequency can be chosen by 


setting register “PWMF[1:0]”, and the real PWM frequency can be quickly estimated by the bellow formula. 


PWMF[1:0] PWM Operation Frequency (Fosc) 
00 7 MHz 
01 14 MHz 
10 3.5 MHz 
11 (not used) 
F 


OSC 


PWM Frequency = 
WEY = 56x PWMDIVIT:0] 


_ DBV[7:0](RDDISBV) + | 
256 


PWM Duty 


For example: 


If “PWDIV[7:0]=0x0F”, “PWMF[1:0]=0x0”, “DBV[7:0]=2Fh”(RDDISBV) 


PWM Frequency = a ® 1.82KHz 
x 


“DBV[7:0]=2Fh” means PWM duty ratio is about 18.75% 


PWM Duty Time_ = oy), C = 103.0us 
1.82KHz 


PWM non=Duty,Time, = 81.25% x —|— = 446.4us 
1.82 KHz 


Duty Time = 103ps Non-Duty Time = 446.4us Duty Time = 103s 


O 
z 


PWM Signal 


ie) 
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Since the external LED driver needs some stable time to drive the LED backlight, this necessary stable 
time will reduce the effective PWM duty period. The PWM_DUTY_OFFSET[4:0] is simply used to 
compensate the loss of PWM duty period. For example, assume original PWM duty of LEDPWM signal is 
60%, but the actual backlight brightness driven by LED driver is 57%. User can set 
“PWM_DUTY_OFFSET[4:0]” to achieve 60% backlight brightness. 


Offset PWM Duty 


Original PWM Duty 
60% F --x----------------------- 


PWM_DUTY_OFFSET[4:0] 


Backlight Brightness Ratio(%) 


PWM Duty Ratio() 
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7.13.4 Content Adaptive Brightness Control (CABC) 


A Content Adaptive Brightness Control function can be used to reduce the power consumption of the 
luminance source. Content adaptation means that content grey level scale can be increased while 
simultaneously lowering brightness of the backlight to achieve same perceived brightness. The adjusted 
grey level scale and thus the power consumption reduction depend on the content of the image.There four 
different modes of CABC can be controlled through register “C[1:0]’(WRCABC). 


Descriptions of these four modes are listed below: 
1. Off mode: Content Adaptive Brightness Control functionality is totally off. 


2. Ul [User interface] image mode: Optimized for UI image. It is kept image quality as much as 
possible. Target power consumption reduction ratio: 10% or less. User.can achieve prefer brightness for Ul- 
Mode by setting the registers “CABC_UI_PWMO[7:0]’ ~ “CABC_UI_ PWM23j[7:0)’. 


3. Still picture mode: Optimized for still picture. Some image quality degradation would be acceptable. 
Target power consumption reduction ratio: more than 30%. The) RM68120 will automatically estimate a 
better gamma setting based on image contents. Usercan achieve,prefer brightness for still picture mode by 
setting the registers “CABC_PWMO[7:0]” ~ “CABC_PWM9[7:0]”. 


4. Moving image mode: Optimized for moving image e.g. Video clip. It is focused on the biggest power 
reduction with image quality degradation. Target power consumption reduction ratio: more than 30%. The 
RM68120 will automatically estimate a better gamma’ setting based on image contents. User can achieve 
prefer brightness for still picture mode by setting the registers “CABC_MOV_PWMOj[7:0]” ~ 
“CABC_MOV_PWM97:0]’. 
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7.13.5 Light-Sensor Automatic Brightness Control (LABC) 


Front Side 
Ambient Light Sensor(s) 


3 i Control bit: A 
50/60 Hz flicker removal. A=0: Off 


E.g. averaging filter, 10 A=1: On 
samples with 1 10Hz 
sampling frequency 


Light Sensor / 


Apply calibration and light 
guide compensation 


FSV[15..0] <———_ 


' 4 ; 5 Control bit: 
i Median Filter (FS) for DB/G 


Environment Changes DB/G =0: Off 
13 x 500ms DB/G =1: On 


FFSV[15..0] ——————— 
Hysteresis (FS) 
16 steps 


BC for Display 
Brightness Control Block Backlight Source 
Control bit: BCTRL = e.g. LEDs etc. 
BCTRL = 0: Inactive G s —l 
BCTRL= 1: Active pain 
Control bit: BL 
BL = 0: Inactive 
BL= 1: Active 


Image Data Display Control 


DSI Display Panel 
eee 
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50/60Hz FLICKER REMOVAL 
“50/60 Hz flicker removal” block is to sample light sensor information via system interface. Same block is 


for filtering external light source flicker (e.g. 50 and 60 Hz), which maybe present in ambient light source 
measurements. This functionality is possible to implement with e.g. an averaging filter, 10 samples with 
110Hz sampling frequency. These samples are pipelined so that the oldest value is dropped out when a 
new value is entered (First In-First Out queue). Sampling of ambient light is started after receiving “Write 


CTRL Display (5300h)” command with applicable parameters. 


Ambient light flickering, 
which should be filtered 


Luminance 
from sensor 
before it is filtered 


AAVV 


Time 


Luminance 
from sensor 
after it is filtered 


Time 
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Light Guide Variation Compensation 
Filtered luminance value is inputted into “Apply calibration and light guide compensation” block. “Apply 


calibration and light guide compensation” block is to calibrate and to compensate variation of light guide 
which is covered on the ambient light sensor. Compensated luminance value can be read by the user (16 
bit value, see chapters: “Read MSBs of FSV Value (5A00h)” and Read LSBs of FSV Value (5B00h}”. 


In order to perform a calibration for the ambient light sensor system, “Read Light Sensor Compensation 
Coefficient Value MSBs (66h)” and “Read Light Sensor Compensation Coefficient Value LSBs (67h)” 
commands can be used to retrieve measured illuminance. User can define a compensation coefficient for 
the light guide variation. This additional compensation coefficient CC works as a factor multiplying the 
ambient light value before the value is returned by “Read FS Value MSBs (5AQ0h)” and “Read FS Value 


LSBs (5BOO0h)” commands or used in hysteresis comparison. 


FS_compensated = CC * FS filtered 


FS_compensated: Ambient light information where, light guide variation has been taken into account 
CC: Compensation coefficient, value range [0.5 =1.9999] 


FS _filtered: Ambient light information after flicker removal 
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MEDIAN FILTER 
Median Filter for Environment Changes block is filtering information received from “Apply calibration and 


light guide compensation” block. 


Median filter receives number of values, which are stored in a queue. The length of the queue is 13 
samples. The oldest value stored in the queue is also the first value to drop when a new value is queued 
(First In-First Out queue). The median filter will sort these values of the queue in ascending order. The 
median filter selects one of those values based on order of magnitude. Selected value is the 7th value 


which is the median of the sorted queue. 


Selected median filter values are inputted into “Hysteresis” block. 


1 Samples on the queue at n+15 
— æ ee ee ee ee Á Á Á Á Á eee ee {Á {Á 1 
> i 
Read 1 Samples on the queue at n+14 
Luminance 
Value 


n ntl n+2 n+3 n+4 n+5 n+6 n+7 n+8 n+9 n+10 n+12 n+14 n+16 
n+11 n+13 n+15 Time 


Luminance values of this example are defined on the following table. 


Tine Luminance Value Time Luminance Value Time Luminance Value 
(0.— 65535) (0 - 65535) (0 - 65535) 
n 40960 n+6 51200 n+12 47360 
n+1 30720 n+7 58880 n+13 51200 
n+2 64000 n+8 53760 n+14 58880 
n+3 32768 n+9 40960 n+15 53760 
n+4 62720 n+10 38400 n+16 40960 
n+5 47360 n+11 51200 


Queues (Read Luminance Values) of this example are defined below. 
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Values of the Queue 


Time 
ist 2nd 3rd 4th 5th 6th 7th 8th 9th | 10ht | 11th | 12th | 13th 
n+6 | 40960 | 30720 | 64000 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360 
n+7 | 30720 | 64000 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360 | 51200 
n+8 | 64000 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360 | 51200 | 58880 
n+9 | 32768 | 62720 | 47360 | 51200 | 58880 | 53760 | 40960 | 38400 | 51200 | 47360 | 51200. | 58880 | 53760 


The median filter will sort these values in ascending order. Example of sorted values are.as below table. 


Sorted values in the order of magnitude 


Time 
1st 2nd 3rd Ath 5th 6th 7th 8th 9th 10th | 11th | 12th | 13th 
n+6 | 30720 | 32768 | 38400 | 40960 | 40960 | 47360 | 47360 | 51200 | 51200 | 53760 | 58880 | 62720 | 64000 
n+7 | 30720 | 32768 | 38400 | 40960 | 47360 | 47360 | 51200 | 51200 | 51200>| 53760 | 58880 | 62720 | 64000 
n+8 | 32768 | 38400 | 40960 | 47360 | 47360 | 51200 | 51200 | 51200 53760 | 58880 | 58880 | 62720 | 64000 
n+9 | 32768 | 38400 | 40960 | 47360 | 47360 | 51200. | 51200 | 51200 | 53760 | 53760 | 58880 | 58880 | 62720 


The median filter selects one of those values based on order of magnitude. Selected value is the 7th value 
(values highlighted on the table). 
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HYTERESIS 
“Write Gamma setting (58h)” and “Write Profile Values (50h)”. 


For each step number ‘n’, the following values are defined: 
An 8-bit value (Vn) which sets the display brightness. 


A 16-bit value (In) ‘increment step’ value. If the output value of the median filter is greater than the 


previous one, then the In values represent the transition from the step “n” to step “n + 1”. 


A 16-bit value (Dn) ‘decrement step’ value. If the output value of the median filter is.smaller than the 


previous one, then the Dn values represent the transition from the step “n” to step “n + 1”. 


A 4-bit (Gn) ‘gamma curve select’ value. This uses a 1-hot encoding to select which gamma curve will be 


used for each step. 


Maximum step number (n) is 16. 


The following figure shows a graph of hysteresis input value vs. display backlight brightness output for an 
arbitrary hysteresis curve. For this graph, step 12 is before the last step in the current profile, and so 
doesn’t have any increment or decrement step values associated with it. For the last step both increment 
and decrement values are set to 65535 (FFFFh). 


Increment step 
In 


Decrement step 
Dn 


n= T EES, P 


D 
o 
o 
Cc 

Ss 

t= 

D 
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2 

me 
O 
© 

a 


Hysteresis input 
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This curve can be split into two separate cases, one for increasing input, and one for decreasing input 
(see below figure). Once the hysteresis is known to be increasing or decreasing, it can choose correct 


graph. Then it is relatively simple to go through each of the levels in turn, checking against the increment or 


decrement values as necessary. 


Backlight Brightness 


Backlight Brightness 


{| V - \\ t > 


Du In Di2 h2 ó NG Di2 h2 


akg 65535 
Hysteresis input Hysteresis input 


The following example is using 6 steps (6 increment and.6 decrement) for hysteresis 6. 


Output Value from 
Hysteresis Filter 1st - 5th Gamma setting value | , 
(8 bit digital value) Ganla cuI: 2.2 — 6th Gamma setting value 
| Gamma curve 4: 1.0 
255 


200 


130 


o] | E E 65536 

| l l In lue from 
2560 14336 20480 33280 43776 iai ei o 
l l l edian Filter 

3840 16896 25600 35840 48896 (16 bit digital value) 
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The following table is specified the relationship between each parameters and step numbers as the 


above example of hysteresis and profiles. 


stepnumber | "Vee | value | prightness | Samma Curve 
(In) (Dn) (Vn) 
1 3840(F00h) 2560(A00h) 20(14h) 2.2(1h) 
2 16896(4200h) 14336(3800h) 40(28h) 2.2(1h) 
3 25600(6400h) 20480(5000h) 80(50h) 2.2(1h) 
4 35840(8C00h) 33280(8200h) 130(82h) 2.2(2h) 
5 48896(BF00h) 43776(ABO0h) 200(C8h) 2.2(1h) 
6 65535(FFFFh) 65535(FFFFh) 0 1.0(8h) 
7 x x x x 
8 x x x x 
9 x x x x 
10 x X x x 
11 x x x x 
12 x X x x 
13 x x x x 
14 x X x x 
15 x x x x 
16 X x x x 


Step number.ofsincrement-value and decrement-value is 16 steps. Don’t care about the parameter values 
after “65535)(FFFFh)” of,increment value and decrement value, e.g. “X” in the above table. 16th increment 
and decrement values are always set to “65535 (FFFFh)” internally, if increment and decrement values 
before 16th parameters are less than “65535 (FFFFh)”. 


Once the hysteresis curve has been stored using the commands above, the flowchart is used to select 
the correct hysteresis level after getting median filter output as a reference. Flow chart for adjust correct 


hysteresis level is as below one. 


———————— 
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Median Filter output 


“equal to” Median Filter Output Se “smaller than” 
p >~ “last output” -register value. — 
es ee 
Keep the same brightness y “bigger than” 
Step number n = 1 Step number n = 1 
ae i ae i. 
_-—Median Filter Output is bigger — No _—Median Filter Output is bigger —_No 
~~than increment step value [In]2— ~~~than decrement step value [Dn]? 
ia ne a non a 
Vv Yes V Yes 
n=n+1 n=n+1 


No “The “n” is bigger than the _-—The “n” is smaller than ne~ No 
~~ “lastoutput stepn”? _—— ~~ “last output step n” ? ae 
Ss = r Se ee 
Keep the same brightness y Yes yY es Keep the same brightness 


"Display brightness" -register value is set to "Display brightness [Vn]" value 
"Last Output" -register value is set to "Median filter output" value >| Display brightness is changed 
“Last output step n” -register value is set to “Step number n” value 
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8. Command 


8.1. Command List 


ar ms IRead(R S E 
ea a ë ëO] oo 


on | get display 1D | aR A eE | 
| 05h__| get_DSI_Lerr A \. <a. | 


OAh get_power_mode 


—> | 


Ki 


OBh get_address_mode 


[getaddressmode — — A 
| OCh [get pixel format | Rt 
| ODhù [get display mode Rt 
OFh get_diagnostic_result 
10h enter sleep mode 


11h exit_sleep_mode 0 
enter_partial_mode 


13h enter_normal_mode 
20h 

on Tents vert mode QQ WA e o 
23h set_all_pixel_on 
26h Gamma_curve_setlect 


l kat 


O 


B. V Wr do 
| 29h_|setdisplaygon ST e d o 
| 2Ah | setjoolumn_addressh | o wȚw | 4 | 
æn [setpage ades Pw 
| 2Ch 4 | write. memory stat | Variable | 
2Eh| | read memory stat | R Variable 

set partia_area o Lae 


30h set_partial area 


Zjgjgjojo 


HMM 


33h 
Ce a E 
35h 
36h set_address_mode 
3Ch 
Sa e a ë O O 
45h [get scanine ERT 


O 


f 
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Operational Cem Command(C) Number Of 
Code (Hex IRead(R) /Write(W) | Parameter 


o eea a e e | 16 | 

Sih  |set display brightness S {Ëy | 1 
52n [get display brightness | RT 
53n  |set control_display | wt 


54h get_control_displa 
55h set_cabc_mode 
56h get_cabc_mode 


| s7h__|set_hysteresis S 


58h set gamma._setting 


a ee a A a, ke 
5Bh get FS value LSBs 
[sch [get median filter FS value MSBs_ | œR | 1 | 
—5Dn [get median fiter FS vawe LSBs LM R7 | 1 | 
5Eh 
E mee E ee 
[65h  |set _light_sensor_compensation coefficient | = wi | 2 | 
| 66h  |get LSCC_MSBs č O O a 
67h 
[70h [get blackiwhitelowbit SA | R | 4 
| 7h {get Bx N FS | R | 1 | 
| 7n |gtBy L W | R J| 1 | 
| 73n |gtws aa OO) U O Rs 
7n |aæw SANAN JS OT R [| 3 | 
[75h |getredigreenfowbit ® Y | R O| 1 | 
oR A DP DY | 


al> 
O 


-n |= 


= 


the 


f 


+ 


a |= |= |e je 


‘tt 


= 


— get_blue/Acolor low bit ee 1 | 
7Bh 
7Ch get _ By 


- -H 


AOA Wl rece 005 sad rs 
| “Wash d [read DDB continue ER 
Amh  |read first checksum | Rt 
| AFh |read continue checksum | R | 1 

DAh_ fread iD1 CE R o o i 
Bh fread D2 Rt 
[och [radios OR 


=k |= | | /olan 


pey 
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8.2. Command Description 


NOP (0000h) 


0000H NOP (No Operation) 
DCX RDX | WRX | D17-D8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 t X 0 0 0 0 0 0 0 0 00 


Parameter) NO PARAMETER 

This command is an empty command; it does not have any effect on the display module. However 
it can be used to terminate Frame Memory Write or Read as describedjin RAMWR,(Memory Write) 
Description and RAMRD (Memory Read) Commands. 


X = Don’t care. 


Restriction} None 


Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
SleepIn Yes 
Status Default Value 
Power On Sequence N/A 
Default 
SW Reset N/A 
HW Reset N/A 


Flow Chart} None 


Oe 
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SWRESET(0100h) : Software Reset 


0100H 


SWRESET(Software Reset) 


DCX 


RDX 


WRX D15-D8 


D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 


Command 0 


1 


t x 


0 0 0 0 0 0 0 1 01 


Parameter| NO PARAMETER 


description.) 


When the Software Reset command is written, it causes software reset. It resets the commands 


and parameters to their S/W Reset default values. (See default tables in each command 


Default 


Description 
Note: The Frame Memory contents are affected by this command. 
X = Don’t care 
Software Reset Command cannot be sent during Sleep Out sequence) 
Restriction Any new command is cannot be sent for 10-frame period until the RM68120 enters Sleep-In mode. 
Do not send any command. 
Status Availability 
Normal Mode On; Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 


Status Default Value 
Power On Sequence N/A 
SW Reset N/A 
HW Reset N/A 
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Flow Chart 


! Legend 
1 
1 
1 


SWRESET (01h) 


Display whole blank 
screen 


Set Commands 
to S/W Default 
Value 


Sleep In Mode 


Sequential 
transfer 
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RDDID(0400h~0402h) : Read Display ID 


0400H RDDID 
DCX RDX | WRX | D15-D8 | D7 | D6 | D5 | D4 | D3 | D2 | Di | DO | HEX 
Command 0 1 fi 00h 0 0 0 0 0 1 0 0 04 
1“ 1 t 1 x x x x x x x x x x 
2™ 1 T 1 00h ID17 | ID16 | ID15 | ID14 | ID13 | ID12 | ID11 | ID10| 00 
3" 1 tT 1 00h ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 | 80 
4" 1 T 1 00h ID37 | ID36 | ID35 | 1ID34 | ID33 | ID32 D31 | ID30 | 00 
Parameter| - 
The 1° parameter (ID1): the module’s manufacture ID 
The 2™ parameter (ID2): the module/driver version ID 
Description) The 3 parameter (ID3): the module/driver ID 


Note: Commands RDID1/2/3 (DAh/DBh/DCh) read data,correspond. to the parameter 1, 2, 3 of 


command 04h, respectively. 


Restriction] ~ 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle,;Mode/On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP value ID1=00h / ID2=80h / ID3=00h 
SW Reset MTP value ID1=00h / ID2=80h / ID3=00h 
HW Reset MTP value ID1=00h / ID2=80h / ID3=00h 
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Parameter 


RDDID (04h) 


Send 1st parameter 
1D1[7:0] 


Flow Chart 


Send 2nd parameter 
ID2[7:0] 


Send 3rd parameter 
ID3[7:0] 
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RDNUMED(0500h) : Read Number of Errors on DSI 


0500H RDNUMED 
DCX RDX | WRX D15-D8 D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 fi X 0 0 0 0 0 1 0 1 05 
lig 1 t 1 x x x x x x x x x x 
a 1 T 1 x P7 | P6 | P5 | P4 | P3 | P2 | P1 PO 00 
Parameter! NO PARAMETER 
The first parameter is telling a number of the parity errors on DSI. The more detailed description of 
the bits is below. 
P[6..0] bits are telling a number of the parity errors. 
Description P[7] is set to “1” if there is overflow with P[6..0] bits. 
P[7..0] bits are set to “O”s (as well as RDDSM(O0Eh)’s DO are set “0” at the»same time) after there is 
sent the first parameter information (= The read function is completed). 
This command is used for MIPI DSI only. It is no function for,others interface operation. 
Restriction] ~ 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial, Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
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RDDID (05h) 


Send 1st parameter 


Flow Chart 


P[7:0]=00h 
RDDSM(0Eh) sDO= ‘0’ 
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RDDPM (0A00h) : Read Display Power Mode 


This command indicates the current status of the display as described in the table 


0A00H RDDPM (Read Display Power Mode) 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 x 0 0 0 0 1 0 1 0 OA 
1% parameter 1 îi x x x x x x x x x x 
2™ parameter 1 ih x D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | 08 


below: 
Bit | Symbol Description Comment 
‘1’=Booster on; 
D7 BSTON Booster Voltage Status 
‘0’=Booster off 
‘1 = Idle Mode On, 
D6 IDMON | Idle Mode On/Off 
‘0’ = Idle Mode Off 
i ‘1’ = Partial Mode On, 
o, D5 PTLON | Partial Mode On/Off , 
Description ‘0' Š Partial Mode Off 
‘T = Sleep Out, 
D4 SLPON | Sleep In/Out 
‘0’ = Sleep In 
, ‘1’ = Normal Display, 
D3 NORON | Display Normal Mode On/Off , , 
‘0’ = Partial Display 
, ‘1’ = Display On, 
D2 DISON | Display On/Off : 
‘0’ = Display Off 
D1 Reserved 0 
DO Reserved 0 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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Send D[7:0] 


Status Default Value 
Power On Sequence 08h 
Default 
SW Reset 08h 
HW Reset 08h 
Serial I/F Mode Parallel /F Mode ‘a a 
i Legend 


Sequential 
transfer 
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RDDMADCTR (0B00h): Read Display MADCTR 


0B00H RDDMADCTR (Read Display MADCTR) 
DCX RDX | WRX | D15-0 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 f x 0 0 0 0 1 0 1 1 0B 
1° parameter 1 T 1 x xix] x] ee x 
2™ parameter 1 i 1 X D7 | D6 | D5 | D4 | D3 | D2 | D141 | DO | 00 


This command indicates the current status of the display as described in the table below: 


Bit Symbol Description Comment 

D7 MY Row Address Order o T ce dhea P 

D6 MX Column Address Order aå Pio nA MAE TL o, 

D5 Mv | Row/Column Order (MV) Ae oe 
Description D4 ML Vertical Refresh Order 4 aps a Ue Asada 

D3 RGB | RGB/BGR Order 1’ =BGR, “0"=RGB 

D2 MH Horizontal Refresh Order ia cle eel one 

D1 | RSMX | Horizontal Flip ae sie Bee ee oa 

po | RSMY | Wertical Flip a Sed eo 


Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
a G Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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Status Default Value 
Power On Sequence 00h 
Berault SW Reset No Change 
HW Reset 00h 
Serial I/F Mode Parallel I/F Mode 

Flow Chart << Dispy >) | 
Send D[7:0] <hain i 
Sequential i 
! transfer i 
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RDDCOLMOD (0CO0h): Read Display Pixel Format 


OCOOH RDDCOLMOD (Read Display Pixel Format) 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 x 0 0 0 0 1 1 0 0 0c 
1*' parameter 1 f x x x x x x x x x x 
2™ parameter 1 tT x D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 66 
This command indicates the current status of the display as described in the table below: 
Bit Symbol Description Comment 
D7 Reserved ‘0’ 
Dg VIPEL2] ‘101? =16-bits / pixel, 
DPI Pixel Format(RGB ‘110%= 18-bits / pixel, 
D3 VIPF{1] Interface Color Format) «T = 24-Bits / pixel, 
D4 VIPF[O] others are no define 
Description 
D3 Reserved ‘0’ 
D2 FEF] “101° = 16-bits / pixel, 
DBI Pixel Format(Control “110° = 18-bits / pixel, 
pi ed Interface Color Format) “111? =24-bits / pixel, 
DO IFPF[O] others are no define 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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Status Default Value 
Power On Sequence 66h 
Default SW Reset No Change 
HW Reset 66h 


Serial I/F Mode Parallel I/F Mode 
| 
RDDCOLMOD (0Ch RDDCOLMOD (0Ch 
oon] A. 


Driver 


Send D[7:0] 


Sequentia 
transfer 
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RDDIM (0D00h): Read Display Image Mode 


ODOOH RDDIM (Read Display Image Mode) 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D4 | DO | HEX 
Command 0 1 tT x 0 0 0 0 1 1 0 1 oD 
1° Parameter 1 f 1 x x x x x x x x x x 
2" Parameter 1 i 1 x D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 00 
The display module returns the display image mode status. 
Bit Symbol Description Comment 
D7 Reserved ‘0 
D6 Reserved 0 
Description Wy. TE 
R Ds | INVON | Inversion On/Off aT = Invæign is On, 
0” = Inversionis Off 
; ‘0 =,Normal display 
D4 ALLON | All Pixel On 1' = White display 
; ‘0’ = Normal display 
D3 ALLOFF | All Pixel Off 4" = Black display 
D2~D0| GAMSET | Gamma Curvé Selection p ce ec 
Status Availability 
Normal Mode On,dAdle Mode Off, Sleep Out Yes 
Normal Mode)On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
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Serial I/F Mode Parallel I/F Mode 
! . 


RDDIM (0Dh) RDDIM (0Dh) 
I ST Te Creare, Host 


Send D[7:0] 


Sequentia 
transfer 
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RDDSM (0E00h): Read Display Signal Mode 


0E00H RDDSM (Read Display Signal Mode) 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 D1 | DO | HEX 
Command 0 1 t x 0 0 0 0 1 1 1 0 OE 
1° parameter 1 f 1 x x x x x x x x x x 
2" parameter 1 îi 1 x D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 00 
The display module returns the Display Signal Mode. 
Bit Symbol Description Comment 
D7 TEON | Tearing Effect Line On/Off “4” = On, “O%= Off 
D6 | TELOM | Tearing effect line mode oy es 
Ds HS Horizontal Sync On/Off r Aa, E 
Description D4 vs Vertical Sync On/Off > x ve a S h 
D3 PCLK | Pixel Clock On/Off h = a S a n 
D2 DE Data Enable On/Off È 2 ee z d 
D1 | Reserved ‘0’ 
po | ESLP" | Ener on DSI tae 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
ee SW Reset 00h 
HW Reset 00h 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page152 


Raydium 


Serial I/F Mode 


RDDSM (0Eh) 


Flow Chart 


Send D[7:0] 


Parallel I/F Mode 


RDDSM (0Eh) 
Host 
Driver 


Dummy Read 


Send D[7:0] 
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RDDSDR (0F00h): Read Display Self-Diagnostic Result 


OFOOH RDDSDR (Read Display Self-Diagnostic Result) 
DCX | RDX WRX| D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | Di | DO | HEX 
Command 0 1 tT x 0 0 0 0 1 1 1 1 OF 
1° Parameter 1 f 1 x x x x x x x x x x 
2"! Parameter 1 t 1 x D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO 00 
The display module returns the self-diagnostic results following a Sleep,Out command. 
Bit Symbol Description Comment 
D7 RELD Register Loading Detection 
D6 FUND | Functionality Detection 
D5 CAD Chip Attachment Detection 
Description D4 DGBD | Display Glass Break Detection 
D3 | Reserved 0 
D2 | Reserved o 
DI | Reserved 0 
DO CSC | Checksums Comparsion yo oe 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Rëgister Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
cic SW Reset 00h 
HW Reset 00h 
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Serial I/F Mode 


RDDSDR (OFh 


Dummy Read 
Send D[7:0] 


Parallel I/F Mode 


RDDSTR (0Fh) 


Host 


Flow Chart 


Driver 


Sequential 
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SLPIN (1000h): Sleep In 


1000H SLPIN (Sleep In) 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 i x 0 0 0 1 0 0 0 0 10 
Parameter | No Parameter 
This command causes the display module to enter the Sleep mode. 
This command causes the AMOLED module to enter the Sleep mode. In this mode, the 
DC/DC converter, internal oscillator and panel scanning stop. DBIl.or DSI Command,Mode 
Description remains operational and the frame memory maintains its contents. The host processor 
continues to send PCLK, HS and VS information to display modules for two frames after this 
command is sent when the display module is in Normal mode. 
This command has no effect when the display module is already in Sleep mode. 
The host processor must wait 5 milliseconds before sending any new commands to a display 
Restriction module following this command to allow time for the supply voltages and clock circuits to 
stabilize. The host processor must wait 120 milliseconds after sending a Sleep Out command 
before sending an Sleep In command: 
Status Availability 
Normal*Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence Sleep In Mode 
Default SW Reset Sleep In Mode 
HW Reset Sleep In Mode 
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Flow Chart 


SPLIN (10h) 


Display whole blank 
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SLPOUT (1100h): Sleep Out 


1100H SLPOUT (Sleep Out) 
DCX RDX WRX D15-8 D7 D6 | D5 | D4 | D3 D2 | D1 DO HEX 


Parameter | No Parameter 


This command causes the display module to exit Sleep mode. All blocks inside the display 


Description module are enabled. The host processor sends PCLK, HS and VS information to display modules 


two frames before this command is sent when the display module is in Normal Mode. 


This command shall not cause any visible effect on the display device whenthe display module is 
not in Sleep mode. The host processor must wait five milliseconds after sending this command 
before sending another command. This delay allows the supply voltages and clock circuits to 


stabilize. 


The host processor must wait 120 milliseconds after sending a Sleep Out command before 
Restriction sending a Sleep-In command. The display module loads the display module’s default values to 
the registers when exiting the Sleep mode. There shall not beany abnormal visual effect on the 
display device when loading the registers if thefactory.default and register values are the same or 
when the display module is not in Sleep mode. The.display module runs the self-diagnostic 


functions after this command is received. 


Status Availability 


Normal Mode On, Idle Mode Off, Sleep Out Yes 


Normal)Mode On, Idle Mode On, Sleep Out Yes 


Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 


Partial Mode On, Idle Mode On, Sleep Out Yes 


Sleep In Yes 


Status Default Value 
Power On Sequence Sleep In Mode 
Default SW Reset Sleep In Mode 
HW Reset Sleep In Mode 
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SLPOUT (11h) 


Start Internal 
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PTLON (1200h): Partial Display Mode On 


1200H PTLON (Partial Display Mode On) 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO HEX 
Command 0 1 f x 0 0 0 1 0 0 1 0 12 
Parameter No Parameter 
This command causes the display module to enter the Partial Display Mode. The Partial 
Display Mode window is described by the Partial Area (30h) command. 
m = To leave Partial Display Mode, the Normal Display Mode On (13h) command should be 
escription 
written. The host processor continues to send PCLK, HS and VS information to display 
modules for two frames after this command is sent when the display module is in Normal 
Display Mode. 
Restriction This command has no effect when Partial Display Mode is alreadyvactive. 
Status Availability 
Normal Mode On, Idle Mode Off; Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode.On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence Normal display mode On 
Default SW Reset Normal display mode On 
HW Reset Normal display mode On 
Refer to Partial Area (30h) 
Flow Chart 
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NORON (1300h): Normal Display Mode On 


NORON (Normal Display Mode On) 


1300H 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Parameter No Parameter 
This command causes the display module to enter the Normal mode. Normal Mode is 
defined as Partial Display mode and Scroll mode are off. 
Description The host processor sends PCLK, HS and VS information to Type 2 display modules two 
frames before this command is sent when the display module is in Partial Display Mode. 
Restriction This command has no effect when Normal Display‘mode is already active. 


Status Availability 
Normal Mode On, Idle Mode Off;Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register Availability 
Partial Mode.On, Idle Mode. Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Default Power On Sequence | Normal Display Mode On 
SW Reset Normal Display Mode On 
HW Reset Normal Display Mode On 
Flow Chart Refer to the description of Partial Area (3000h) 
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INVOFF (2000H): Display Inversion Off 


2000H INVOFF (Display Inversion Off) 
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 f x 0 0 1 0 0 0 0 0 20 
This command causes the display module to stop inverting the image data on the display 
device. The frame memory contents remain unchanged. No status bits are changed. 
Memory Display Panel 
Description 
Restriction This command has no effect when the display module is not inverting the display image. 
Status Availability 
Normal Mode On) Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Default Power On Sequence Display Inversion off 
SW Reset Display Inversion off 
HW Reset Display Inversion off 
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Flow Chart 
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INVON (2100H): Display Inversion On 


2100H INVON (Display Inversion On) 
DCX | RDX | WRX | D15-8 | D7 | D6 | DS | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 f x 0 0 1 0 0 0 0 1 21 
Parameter No Parameter 
This command causes the display module to invert the image data only on the display 
device. The frame memory contents remain unchanged. No status bits are changed. 
Memory Display Panel 
Description 
Restriction This command has no effectwhen module isalready in inversion on mode. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial)Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Default Power On Sequence Display Inversion off 
erau SW Reset Display Inversion off 
HW Reset Display Inversion off 
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ALLPOFF (2200H): All Pixel Off 


2200H ALLPOFF 
DCX | RDX | WRX | D15-8 | D7 | D6 | DS | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 t x 0 0 1 0 0 0 1 0 22 
Parameter No Parameter 
This command turns the display panel black in Sleep Out mode and a status of the Display 
On/Off register can be on or off. 
This command makes no change of contents of frame memory. 
This command does not change any other status. 
Display 
Description ie 
“All Pixels On”, “Normal,Display Mode On” or “Partial Mode On” commands are used to leave 
this mode. The display panel is showing the content of the frame memory after “Normal 
Display On” and “Partial Mode On” commands. 
Restriction - 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Default Power On Sequence Display Inversion off 
cran SW Reset Display Inversion off 
HW Reset Display Inversion off 
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ALLPON (2300H): All Pixel On 


2300H ALLPON 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 t x 0 0 1 0 0 0 1 1 23 
Parameter No Parameter 
This command turns the display panel white in Sleep Out mode and a status of the Display 
On/Off register can be on or off. 
This command makes no change of contents of frame memory. 
This command does not change any other status. 
Display 
Description =a rt | | tt td 
“All Pixels Off’, “Normal Display Mode On”.or “Partial Mode On” commands are used to leave 
this mode. The display panel is showing the content of the frame memory after “Normal 
Display On” and “Partial Mode On” commands. 
Restriction - 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Defaul Power On Sequence Display Inversion off 
erault SW Reset Display Inversion off 
HW Reset Display Inversion off 
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GAMSET (2600H): Gamma Set 


2600H GAMSET 
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 t x 0 0 1 0 0 1 1 0 26 
1° parameter 1 1 i x GC7 | GC6 | GC5 | GC4 | GC3 | GC2 | GC1| GCO) 01 
Parameter No Parameter 
This command is used to select the desired Gamma curve for the current display. A maximum of 4 
curves can be selected. The curve is selected by setting the appropriate bit in the parameteras 
described in the Table. 
GC[7:0] Parameter Curve 
Description Oth GCO Gamma Curve (G2.2) 
02h GC1 Reserved 
04h GC2 Reserved 
08h GG3 Reserved 
Note: All other values are undefined. 
Values of GC [7:0] not shown in table above are invalid and will not change the current 
Restriction 
selected gamma 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial, Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 01h 
keau SW Reset O1h 
HW Reset 01h 


OO 
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Flow Chart 


GAMSET(26h) 


New Gamma Curve 
Loaded 


Sequentia 
transfer 
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DISPOFF (2800h): Display Off 


2800H DISPOFF (Display Off) 
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 f x 0 0 1 0 1 0 0 0 28 
Parameter No Parameter 
This command causes the display module to stop displaying the image data on the display 
device. The frame memory contents remain unchanged. No status bits are changed. 
Memory Display Panel 
Description 
Restriction This command has no effect;when module is already in display off mode. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
l Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
pvallability Partial’ Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Default Power On Sequence Display Off 
SW Reset Display Off 
HW Reset Display Off 


OOO 
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Flow Chart 


Display On Mode 


DISPOFF (28h 


Display OFF Mode 


Sequential 
transfer 


Se 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page173 


Raydium 


DISPON (2900h): Display On 


2900H DISPON (Display On) 
DCX | RDX | WRX | D158 | D7 | D6 | D5 D4 | D3 | D2 | D1 | DO | HEX 


Command 0 1 f x 0 0 1 0 1 0 0 1 29 


Parameter No Parameter 


This command causes the display module to start displaying the image data on the display 
device. The frame memory contents remain unchanged. No status bits are changed. 


Display Panel 


Description 
Restriction This command has no.effect when module is already in display on mode. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Default Power On Sequence Display Off 
SW Reset Display Off 
HW Reset Display Off 
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Flow Chart 


Display OFF Mode 


DISPON (29h) 


Display ON Mode 


= 
fe} 
2 
o 


Sequential 
transfer 
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CASET (2A00h): Column Address Set 


2A00H CASET (Column Address Set) 
DCX | RDX | WRX | D15-8 | D7 D6 D5 D4 D3 D2 | D1 | DO | HEX 
Command 0 1 f x 0 0 1 0 1 0 1 0 2A 
1* parameter 1 1 i X 0 0 0 0 0 0 0 |SC8| 00 
2" parameter) 1 1 t x SC7 | SC6 | SC5 | SC4 | SC3 | SC2 | SC1 | SCO} 00 
3“ parameter| 1 1 t x 0 0 0 0 0 0 0 |EC8| 01 
4" parameter 1 1 il x EC7 | EC6 | EC5 | EC4 | E@3»|.EC2 | EC1 | ECO | DF 


This command defines the column extent of the frame memory accessed bythe host processor 


with the read_memory_continue and write_memory_continue commands. 


SC[8:0] EC[8:0] 


SP[8:0] 


Description 


EP[8:0] 


a 
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Restriction 


10 


11 


12 


GCM[7:0] = 70h : 480x864 
MV(36h-B5)=0 : Parameter range 
MV(36h-B5)=1 : Parameter range 

GCM[7:0] = 6Bh : 480x854 
MV(36h-B5)=0 : Parameter range 
MV(36h-B5)=1 : Parameter range 

GCM[7:0] = 50h : 480x800 
MV(36h-B5)=0 : Parameter range 
MV(36h-B5)=1 : Parameter range 

GCM[7:0] = 28h : 480x720 
MV(36h-B5)=0 : Parameter range 
MV(36h-B5)=1 : Parameter range 

GCM[7:0] = 00h : 480x640 
MV(36h-B5)=0 : Parameter range 
MV(36h-B5)=1 : Parameter range 

GCM[7:0] = FEh : 480x360 
MV(36h-B5)=0 : Parameter range 
MV(36h-B5)=1 : Parameterrange 


SC [8:0] always must be equal to or less than EC[8:0] 


: 0 < SC[8:0] < EC[8:0] < 479(01DFh) 
: 0 < SC[8:0] < EC[8:0] < 863(035Fh) 


: 0 < SC[8:0] < EC[8:0] < 479(01DFh) 
: 0 < SC[8:0] < EC[8:0] < 853(0355h) 


: 0 < SC[8:0] < EC[8:0] <.479(01DFh) 
: 0 < SC[8:0] < EC[8:0] < 799(034Fh) 


: 0 < SC[8:0] <EC[8:0] = 479(01DFh) 
: 0 < SC[8:0] < EC[8:0] < 749(02CFh) 


: 0 < SC[8:0] < EC[8:0] = 479(01DFh) 
0 < SC[8 0] EC[8:0] < 639(027Fh) 


: 0< SC[8:0] < EC[8:0] < 479(01DFh) 
:0 < SG[8:0] < EC[8:0] < 359(0167h) 


Register 
Availability 


Default 


Status Availab 


ility 


Normal Mode On, Idle Mode Off, Sleep Out Yes 


Normal Mode On, Idle Mode On, Sleep Out Yes 


Partial Mode On, Idle Mode Off, Sleep Out Yes 


Partial Mode On, Idle Mode On, Sleep Out Yes 


Sleep In Yes 


Default Value 
Status 
SC[8:0] EC[8:0](36h-B5=0) 
Power On Sequence 0000h 01DFh 
SW Reset 0000h 01DFh 
HW Reset 0000h 01DFh 
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Flow chart 


Note : B=23 


1%* & 2" Parameter: SC[8:0] 
3 & 4"" Parameter: EC[8:0] 


RASET (2Bh) 


1% & 2™ Parameter: SP[8:0] 
3 & 4" Parameter: EP[8:0] 


RAMWR (2Ch) 


Image Data 


D1[B:0],D2[B:0]......Dn[B:0] 


Any Command 


PapaaN JI 
O 
O 
3 
3 
f 
Q 


Sequential 
transfer 
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RASET (2B00h): Row Address Set 


2B00H RASET (Row Address Set) 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 f x 0 0 1 0 1 0 1 1 2B 
1 parameter | 1 1 i x 0 0 0 0 0 0 0 | SP8| 00 
2™ parameter| 1 1 t x SP7 | SP6 | SP5 | SP4 | SP3 | SP2 | SP1 | SPO| 00 
3 parameter| 1 1 T x 0 0 0 0 0 0 0 | EP8| 03 
4" parameter | 1 1 f Xx EP7 | EP6 | EP5 | EP4 | EP3 |)EP2 | EP1, EPO| 1F 


Description 


This command defines the page extent of the frame memory accessed by the-host processor 


with the write_memory_continue and read_memory_continue command. 


SP[8:0] 


EP[8:0] 


SC[8:0] 


EC[8:0] 


aT 
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Restriction 


SP [8:0] always must be equal to or less than EP [8:0]. 


1. 


GCMI7:0]= 70h 
MV(36h-B5)=0 : 
MV(36h-B5)=1 
GCMI7:0]= 6Bh 
MV(36h-B5)=0 : 
MV(36h-B5)=1 
GCM[7:0]= 50h 
MV(36h-B5)=0 : 
MV(36h-B5)=1 
GCMI7:0]= 28h 
MV(36h-B5)=0 : 
MV(36h-B5)=1 
GCM[7:0]= 00h 
MV(36h-B5)=0 : 
MV(36h-B5)=1 
GCMI7:0]= FER : 
MV(36h-B5)=0 : 
MV(36h-B5)=1 : 


: 480x864 


Parameter range : 0 < SP[8:0] < EP[8:0] < 863(035Fh) 


: Parameter range : 0 < SP[8:0] < EP[8:0] < 479(01DFh) 
: 480x854 


Parameter range : 0 < SP[8:0] < EP[8:0] < 853(0355h) 


: Parameter range : 0 < SP[8:0] < EP[8:0] < 479(01DFh) 
: 480x800 


Parameter range : 0 < SP[8:0] < EP[8:0] <.799(031Fh) 


: Parameter range : 0 < SP[8:0] < EP[8:0] < 479(01DFh) 
: 480x720 


Parameter range : 0 < SP[8:0] <EP[8:0] < 719(02CFh) 


: Parameter range : 0 < SP[8:0] < EP[8:0] < 479(01DFh) 
: 480x640 


Parameter range : 0 < SP[8:0] < EP[8:0] < 639(027Fh) 


: Parameter range 40 < SP[8:0])S EP[8:0] < 479(01DFh) 


480x360 
Parameter range : 0 = SP[8:0] < EP[8:0] < 359(0167h) 
Parameterrange: 0 < SP[8:0] < EP[8:0] < 479(01DFh) 


Register 
Availability 


Status Availability 


Normal Mode On, Idle Mode Off, Sleep Out Yes 


Normal Mode On, Idle Mode On, Sleep Out Yes 


PartiahMode On, Idle Mode Off, Sleep Out Yes 


Partial 


Mode On, Idle Mode On, Sleep Out Yes 


Sleep In Yes 


Default 


Status 


Default Value 


SC[8:0] EC[8:0](36h-B5=0) 


Power On Sequence 0000h 031Fh 


SW Reset 0000h 031Fh 


HW Reset 0000h 031Fh 


G” 
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Sequentia 
transfer 


Any Command 


= 
Z 
[9] 
oO 
T 
1% & 2™ Parameter: SC[8:0] a 
3 & 4" Parameter: EC[8:0] 
RASET (2Bh) 
1% & 2" Parameter: SP[8:0] 
3° & 4" Parameter: EP[8:0] 
Flowchart [SY - 
H Legend l 
l i 
= i 
D1[B:0],D2[B:0]......Dn[B:0] D i 
> | 
a I 
l 


Note : B=23 


}-v-_ĂÃĂ- O yyy 
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RAMWR (2C00h): Memory Write 


2C00H 


RAMWR (Memory Write) 


DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO HEX 


Command 


0 1 t XX 0 0 1 0 1 1 0 0 2C 


1* pixel data 


1 1 î |D1[24..8]) D17 | D16 | D15 | D14 | D13 | D12 | D11 | D10 


N” pixel data 


1 1 i Dx[24..8]| Dx7 | Dx6 | Dx5 | Dx4 | Dx3 | Dx2 | Dx1 | DxO 


1 1 ft | Dn[24..8]} Dn7 | Dn6 | Dn5 | Dn4 | Dn3 | Dn2 | Dn1 | Dnd 


Description 


This command transfers image data from the host processor to the display module’s frame 
memory starting at the pixel location specified by preceding, CASET. (2Ah) and RASET (2Bh) 


commands. 


If MV(36h-B5) = 0: 


The column and page registers are reset to the.Start. Column (SC) and Start Page (SP), 
respectively. Pixel Data 1 is stored in frame memory at (SC, SP). The column register is then 
incremented and pixels are written. to the frame memory until the column register equals the 
End Column (EC) value. The»column register is then reset to SC and the page register is 
incremented. Pixels arewritten to the frame memory until the page register equals the End 
Page (EP) value orsthe host processor sends another command. If the number of pixels 
exceeds (EC — SC)+ 1) *(EP — SP 1) the extra pixels are ignored. 


If MV(36h2B5) = "4: 


The.column and page registers are reset to the Start Column (SC) and Start Page (SP), 
respectively. Pixel Data 1 is stored in frame memory at (SC, SP). The page register is then 
incremented and pixels are written to the frame memory until the page register equals the End 
Page (EP) value. The page register is then reset to SP and the column register is incremented. 
Pixels are written to the frame memory until the column register equals the End column (EC) 
value or the host processor sends another command. If the number of pixels exceeds (EC — 
SC + 1) * (EP — SP + 1) the extra pixels are ignored. 


Restriction 


A Memory Write should follow a CASET(2Ah), RASET(2Bh) or MADCTR(36h) to define the 
write location. Otherwise, data written with RAMWR(2Ch) and any following RAMWRC(3Ch) 


commands is written to undefined locations. 
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Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence Contents of memory is set randomly 
Default SW Reset Contents of memory is not’cleared 
HW Reset Contents of memory is not cleared 
‘Legend! 
: ! 
D1[B:0],D2[B:0]..... Dn{[B:0] ! 
Flow chart | ! 
transfer 
Note; B=25y “0 III 
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RAMRD (2E00h): Memory Read 


2E00H RAMRD (Memory Read) 
DCX | RDX | WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 t x 0 0 1 0 1 1 1 0 2E 
1° parameter 1 f 1 x x x x x x x x x x 
2" parameter 1 il 1 |D1[24..8]) D17 | D16 | D15 | D14 | D13 | D12 | D11 | D10 
1 f 1 |Dx[24..8],) Dx7 | Dx6 | Dx5 | Dx4 | Dx3 | Dx2 } Dx1 | DxO 
aA 1 + | 4 [Dn24.8] Dn7 | Dn6 | Dn5 | Dn4 | Dn3 | Dħ2> Dnd Dno 
This command transfers image data from the displayømodùle’s frame memory to the host 
processor starting at the pixel location specified by preceding CASET (2Ah) and RASET (2Bh) 
commands. 
If MV(36h-B5) = 0: 
The column and page registers are’ reset toxthe Start Column (SC) and Start Page (SP), 
respectively. Pixels are read from frame*smemory»at (SC, SP). The column register is then 
incremented and pixels read from the frame memory until the column register equals the End 
Column (EC) value. The column register is then reset to SC and the page register is 
Description incremented. Pixels are read from the frame memory until the page register equals the End 
Page (EP) value or the host processor sends another command. 
If MV(36h-B5) =: 
The column and page registers are reset to the Start Column (SC) and Start Page (SP), 
respectively- Pixels are read from frame memory at (SC, SP). The page register is then 
incremented and pixels read from the frame memory until the page register equals the End 
Page (EP) value. The page register is then reset to SP and the column register is incremented. 
Pixels are read from the frame memory until the column register equals the End Column (EC) 
value*or the host processor sends another command. 
Restriction 
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Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability f 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence Contents of memory is set randomly 
Default SW Reset Contents of memory is not cleared 
HW Reset Contents of memory is not cleared 
‘Legend! 
! ! 
Image Data i 
Flow chart D1[B:0],D2[B:0]....». 
: ! 
Sequential 
Note : B=23 


OOO 
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Raydium Rev sd 


PTLAR (3000h): Partial Area 


3000H PTLAR (Partial Area) 
DCX | RDX | WRX | D15-8| D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 i x 0 0 1 1 0 0 0 0 30 
1" parameter| 1 1 T x 0 0 0 0 0 0 0 | SR8| 00 
2" parameter, 1 1 t x SR7 | SR6 | SR5 | SR4 | SR3 | SR2 | SR1 | SRO | 00 
3" parameter 1 1 f x 0 0 0 0 0 0 0 ER8 | 03 
4" parameter| 1 1 iI x ER7 | ER6 | ER5 | ER4 | ER3) ER2 | ERA ERO | 1F 


This command defines the Partial Display mode’s display area. Theresare™two parameters 
associated with this command, the first defines the Start Row (SR) and the second the End 


Row (ER), as illustrated in the following figure. SR and ER refer to the Frame Memory. 


-If End Row > Start Row, when ML(36h-B4) =’0’ 


Start Row 


Partial 
Area 


Description 


Partial 
Area 


Start Row 
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o 
Raydium Rev © 0.0 
-If End Row < Start Row, when ML(36h-B4) =’0’ 
_ Partial 
ER[8:0] —> E 
SR[8:0] —>: \ Partial 
Area 
-If End Row < Start Row, when ML(36h-B4) = 1° 
Start Row \_ Partial 
SR[8:0] —> E 
End Row 
ER[8:0] —>. Partial 
Area 


-If End Row=-StartRow then the Partial Area will be one row deep. 


CGMIZ:0] =”70h” (480 x 864):0 < SR[15:0], ER[15:0] < 863 (035Fh), |ER-SR| 


CGM[7:0] = ”6Bh” (480 x 854): 0 < SR[15:0], ER[15:0] < 853 (0355h), |ER-SR| 


CGM[Z:0] = 50h” (480 x 800): 0 < SR[15:0], ER[15:0] < 799 (031Fh), |ER-SR| 


Restriction |fCGM[7:0] = "28h" (480 x 720):0 < SR[15:0], ER[15:0] < 719 (02CFh), |ER-SR| 


CGM[7:0] = ”00h” (480 x 640):0 < SR[15:0], ER[15:0] < 639 (027Fh), |ER-SR| 


CGM[7:0] = ’FEh” (480 x 360): 0 < SR[15:0], ER[15:0] < 359 (0167h), |ER-SR| 


< 863 (035Fh) 


< 853 (0355h) 


< 799 (031Fh) 


A 


< 719 (02CFh) 


< 639 (027Fh) 


< 359 (0167h) 
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Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
SR[8:0] ER[8:0] 
Default Power On Sequence 0000h 031Fh 
SW Reset 0000h 031Fh 
HW Reset 0000h 031Fh 
1. To Enter Partial Mode 2àTo Exit Partial Mode 
Optional to 
t teari 
TET AEE, DISPOFF (28h) Je- etime 
SR[8:0] 
3 & 4" Parameter: NORON (13h) i 
ER[8:0] i 
RAMRW (2Ch) i i 
Flow chart i i 
Image Data 
D1[B:0],D2[B:0]... ! ! 
..-Dn[B:0] ! ! 
Cw) 
transfer i 
DISON (29h) ! ! 
Note : B=23 


SS 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page188 


Raydium 


TEOFF (3400h): Tearing Effect Line OFF 


3400H TEOFF (Tearing Effect Line OFF) 
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 ji x 0 1 1 0 1 0 0 34 
Parameter NO PARAMETER 
a This command turns off the display module’s Tearing Effect output signal on the TE signal 
Description 
line. 
Restriction This command has no effect when the Tearing Effect output is already off. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On),Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On-Sequence OFF 
Default SW Reset OFF 
HW Reset OFF 
roo "Legend 
TEOFF (34h) < Display > 
Flow Chart 
Sequential i 
transfer 


OO 
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TEON (3500h): Tearing Effect Line ON 


3500H TEON (Tearing Effect Line ON) 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO HEX 
Command 0 1 il x 0 0 1 1 0 1 0 1 35 
1* parameter 1 1 i x 0 0 0 0 0 0 0 |TELOM| 00 


This command turns on the tearing Effect output signal on the TE signal line. The TE signal is 
not affected by changing MADCTR (36h) B4 (Line Address Order). 
The Tearing Effect Line On has one parameter that describes the Tearing Effect Output Line 


mode. 


If TELOM = 0: 


The Tearing Effect Output line consists of V-Blanking information only. 


tvdl tvdh 
<4 >< > 
chs Vertical Time Scale 
Description 
If TELOM = 1: 
The Tearing Effect Output Line consists of both V-Blanking and H-Blanking information. 
tvdh | tvdl 
< peop 
— hd LA V LL JA Wisa 
ync 7 d rar V-Sync 
ron Line daon 
The Tearing Effect Output line shall be active low when the display module is in Sleep mode. 
Restriction | This command hasno effect when Tearing Effect output is already ON. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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1° Parameter: TELOM 


TE Line Output ON 


Status Default Value 
Power On Sequence OFF 
Default SW Reset OFF 
HW Reset OFF 
Vo" Legend 
—- 
Flow Chart 


Sequential 
transfer 
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MADCTR (3600h): Memory Data Access Control 


3600H MADCTR (Memory Data Access Control) 


DCX | RDX | WRX | D24-8 | D7 | D6 | D5 | D4 D3 | D2 | D1 | DO | HEX 


Command 0 1 j x 0 0 1 1 0 1 1 0 36 


1* parameter 1 1 t x B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO 00 


This command defines read/write scanning direction of frame memory. This command 


makes no change on the other driver status. 


Bit Symbol Description Comment 
‘1’ = Bottom to Top 
B7 MY Row Address Order ‘© =Top to Bottom 
‘4’ = Rightto Left 
B6 MX Column Address Order ‘0’ = Left to Right 
BS MV Row/Column Order (MV) Ne, Row colna exchange 
0’ = Normal 
: ‘0»}=LCD)Refresh Top to Bottom 
B4 ML Vertical Refresh Order ‘1 =LCD Refresh Bottom to Top 
B3 RGB RGB/BGR Order ‘1 =BGR, “0”=RGB 
B2 MH Horizontal RefreshOrder 0 LCD Refresh Lertto Rignt 


‘1 =LCD Refresh Right to Left 
‘0’ = Normal display 
‘1’ = Flipped display 
‘0’ = Normal display 
‘T = Flipped display 


mer Bl H_FLIP | Horizontal Fli 
Description = i 


BO | V_FLIP “ })VerticalFlip 
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B3=0 
Memory Sent RGB Display Panel 
en 
Za —> EE 
B3=1 
Memory Display Panel 


Sent BGR 
HE — EEE 


Restriction 
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Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset No Change 
HW Reset 00h 
i "Legend! 
! ! 
! : 
Flow chart 
Sequential 
transfer 


——————————— 
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IDMOFF (3800h): Idle Mode Off 


3800H IDMOFF (Idle Mode Off) 
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 t x 0 0 1 1 1 0 0 0 38 
Description | This command causes the display module to exit Idle mode. 
Restriction This command has no effect when the display module is not in Idle mode. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep, Out Yes 
Partial Mode On, Idle Mode Qn, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence Idle Mode Off 
Default SW Reset Idle Mode Off 
HW Reset Idle Mode Off 
("Legend t 
Cor] | 
l 
Ceo 
Sequential i 
! transfer 
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IDMON (3900h): Enter_idle_mode 


3900H Enter_idle_mode 
DCX RDX | WRX D15-8 D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 fl x 0 0 1 1 1 0 0 1 39 
Parameter NO PARAMETER 
This command causes the display module to enter Idle Mode. 
In Idle Mode, color expression is reduced. Colors are shown on the display device using the 
MSB of each of the R, G and B color components in the frame memory. 
Memory | . | Panel Display 
Description 
Color R7 R6 R5R4 R3 R2R1 RO G7 G6 G5 G4 G3 G2 G1 GO B7 B6 B5 B4 B3 B2 B1 BO 
Black 0XXXXXXX OXXXXXXX OXXXXXXX 
Blue OXXXXXXX OXXXXXXX 1XXXXXXX 
Red 1XXXXXXX OXXXXXXX OXXXXXXX 
Magenta AXXXXXXX OXXXXXXX 1XXXXXXX 
Green OXXXXXXX 1XXXXXXX OXXXXXXX 
Cyan OXXXXXXX 1XXXXXXX 1XXXXXXX 
Yellow AXXXXXXX 1XXXXXXX OXXXXXXX 
White 1XXXXXXX 1XXXXXXX 1XXXXXXX 
Restriction | This command has no effect when module is already in idle on mode. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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Sequentia 
transfer 


Status Default Value 
Power On Sequence Idle Mode Off 
Default SW Reset Idle Mode Off 
HW Reset Idle Mode Off 
1" Legend 
! ! 
Flow Chart 
: : 
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COLMOD (3A00h): Interface Pixel Format 


3A00H COLMOD (Interface Pixel Format) 
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 i x 0 0 1 1 1 0 1 0 3A 
14% parameter 1 1 fi x 0 D6 D5; D4; 0 D2; D1 DO; 66 


Bits D[6:4] — DPI Pixel Format Definition 
Bits D[2:0] — DBI Pixel Format Definition 
Bits D7 and D3 are not used. 


are ignored. 
Description Control Interface Color Format D6/D2 D5/D1 D4/D0 
Not defined 0 0 
Not defined 0 1 
Not defined 0 0 
Not defined 0 1 
Not defined 1 0 
16bit/pixel (65,536 colors) 1 1 
18bit/pixel (262,144 colors) 1 0 
24bit/pixel (16.7M colors) 1 1 


This command sets the pixel format for the RGB image data used by the interface. 


If a particular interface, either DBI or DPI, is not used then. the corresponding bits in the parameter 


Restriction | There is no visible effect until the Frame Memory is written to. 


Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 66h 
Default 
SW Reset No Change 
HW Reset 66h 
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Example : 


16-bits/Pixel Mode 


COLMOD (3Ah) 


1° Parameter 
(06h) 


Flow chart 


18-bits/Pixel Mode 


Sequential 
transfer 


Oe 
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RAMWRC(3COOh) : Write_Memory_Continue 


N* parameter 


3C00H Write_Memory_Continue 
DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 Tt x 0 0 1 1 1 1 0 0 3C 
14% parameter 1 1 t D1[24..8]| D1[7]} D1[6]} D1[5]| D1[4]} D1[8] | D1[2]} D1[1]| D1[0] 
X“ parameter 1 1 fi Dx[24..8]} Dx[7]| Dx[6] | Dx[5]| Dx[4]| Dx[3] ) Dx[2)})}, Dx[1]) Dx[0] 


1 1 ¢ | Dn[24..8]| Dn[7]| Dn[6]| Dn[5]| Dn[4]| Dn[3)) Dn{2})Dn[1]] Dn[o] 


Description 


This command transfers image data from the host processor to the display module’s frame 
memory continuing from the pixel location following the, previous write_memory_continue or 


write_memory_start command. 


If MV(36h-B5) = 0: 

Data is written continuing from the pixel,location after the write range of the previous 
RAMWR(2Ch) or RAMWRC(3Ch). The,column register is then incremented and pixels are 
written to the frame memory-until the column register equals the End Column (EC) value. The 
column register is then resetto SC and the page register is incremented. Pixels are written to the 
frame memory until the page register equals the End Page (EP) value or the host processor 
sends another command. If the number of pixels exceeds (EC — SC + 1) * (EP — SP + 1) the 
extra pixels are ignored. 

If MV(36h-B5) = 1: 

Data is written.continuing from the pixel location after the write range of the previous 
RAMWR(2Ch) or RAMWRC(3Ch). The page register is then incremented and pixels are written 
to the frame memory until the page register equals the End Page (EP) value. The page register 
is then reset to SP and the column register is incremented. Pixels are written to the frame 
memory until the column register equals the End column (EC) value or the host processor sends 
another command. If the number of pixels exceeds (EC — SC + 1) * (EP — SP + 1) the extra 


pixels are ignored. 


Frame Memory Access and Interface setting (B3h), WEMODE=0 


When the transfer number of data exceeds (EC-SC+1)*(EP-SP+1), the exceeding data will 
be ignored. 


Oe 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page200 


Raydium 


Frame Memory Access and Interface setting (B3h), WEMODE=1 
When the transfer number of data exceeds (EC-SC+1)*(EP-SP+1), the column and page 
number will be reset, and the exceeding data will be written into the following column and page. 
A Memory Write should follow a CASET(2Ah), RASET(2Bh) or MADCTR(36h) to define the write 
Restricti location. Otherwise, data written with RAMWR(2Ch) and any following RAMWRC(3Ch) 
estriction 
commands is written to undefined locations. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep,Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep.Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence Contents of memory is set randomly 
Default SW Reset Contents of memory is not cleared 
HW)Reset Contents of memory is not cleared 
‘Legend! 
| 
D41[B:0],D2[B:0]...... 
Flow chart 
! 
transfer 
Note : B = 23 
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RAMRDC(3E00h) : Read_Memory_Continue 


3E00H Read_Memory_Continue 
DCX RDX | WRX | D24-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 il x 0 0 1 1 1 1 1 0 3E 
i parameter 1 f 1 xX xX xX xX xX X X X X X 
2™ parameter 1 f 1 D1[24..8]| D1[7] | D1[6] | D1[5]| D1[4]} D1[3]| D1[2]| D1[1] | D1[0] 
X“ parameter 1 f 1 Dx[24..8]| Dx[7] | Dx[6] | Dx[5] | Dx[4] | Dx[3],| Dx[2] | Dx[1]/ Dx[0] 
N* parameter 1 t 1 Dn[24..8]| Dn[7] | Dn[6] | Dn[5))Dn[4)} Dn[3] | Dn[2]| Dn[1]| Dn[O] 


Description 


This command transfers image data from the display »module’s frame memory to the host 
processor continuing from the location following the previous read_memory_continue or 


read_memory_start command. 


If MV(36h-B5) = 0: 

Pixels are read continuing from the,pixel location after the read range of the previous 
RAMWR(2Ch) or RAMWRG(3Ch). The column register is then incremented and pixels are read 
from the frame memory untibthe column register equals the End Column (EC) value. The column 
register is then reset to SC andthe page register is incremented. Pixels are read from the frame 
memory until the page register equals the End Page (EP) value or the host processor sends 


another command. 


If MV(36h=B5) B5 =. 1: 

Pixels are. read continuing from the pixel location after the read range of the previous 
RAMWR(2Ch)or RAMWRC(3Ch). The page register is then incremented and pixels are read from 
the frame memory until the page register equals the End Page (EP) value. The page register is 
then_reset to SP and the column register is incremented. Pixels are read from the frame memory 
until the column register equals the End Column (EC) value or the host processor sends another 


command. 


Restriction 


A Memory Read should follow a CASET(2Ah), RASET(2Bh) or MADCTR(36h) to define the write 
location. Otherwise, data written with RAMRD(2Eh) and any following RAMRDC(3Eh) commands 


is written to undefined locations. 


Oe 
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Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence Contents of memory is set randomly 
Default SW Reset Contents of memory is not cleared 
HW Reset Contents of memoryvis not cleared 
‘Legend! 
e 
Flow chart Image Data ! ! 
D1[B:0],D2[B:0]......Dn[B:0] ! 
Sequential 
Note : B=23 
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STESL(4400h) : Set_Tear_Scanline 


4400H STESL(Set_Tear_Scanline) 
DCX RDX | WRX |D15-8| D7 D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 tT x 0 1 0 0 0 1 0 0 44 
1" parameter} 1 1 t XX 0 0 0 0 0 0 0 |sTs[s] 00 
2 parameter 1 1 i XX STS[7] |STS[6]STS[5]]STS[4]}STS[3]}STS[2]}STS[1]STS[O]} 00 


This command turns on the display Tearing Effect output signal on the TE signal line when the 


display reaches line N. The TE signal is not affected by changing set_address_mode bit B4. 


The Tearing Effect Line On has one parameter that describes the Tearing Effect Output Line 


mode. 
| tvdl tvdh 
Description < >< 
Vertical Time Scale 
The Tearing Effect Output line shall be active low when the display module is in Sleep mode. 
Restriction 
Status Availability 
Normal Mode On» Idle Mode Off, Sleep Out Yes 
Reai Normal,Mode On, Idle Mode On, Sleep Out Yes 
egister 
parce Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence STS[8:0]=9’h000 
Default SW Reset No change 
HW Reset STS[8:0]=9’h000 


ee 
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Display 


TE Output On or Off 


Send 1st parameter STS[8] 
end 2nd parameter STS[7:0] 


TE Output 
On the Nth line 


Flow Chart 


Sequential 
transfer 
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GSL (4500h) : Get_Scanline 


4500H GSL(Get_Scanline) 
DCX | RDX | WRX | D15-8| D7 D6 | D5 | D4 | D3 | D2 | D1 DO | HEX 
Command 0 1 f x 0 1 0 0 0 1 0 1 45 
1% parameter 1 t 1 x x x x x x x x x x 
lg parameter 1 t 1 XX 0 0 0 0 0 0 0 IGTS[8] Ox 
oF parameter 1 tT 1 XX GTS[7] |GTS[6]GTS[5IGTS[4]GTS[3]GTS[2]GTS[1] GTS[0]| xx 


The display returns the current scan line, N, used to update the»display device. The total 
number of scan lines on a display device is defined as VSYNC + VBP + VACT. + VFP. The first 


end 1st parameter GTS[9:8' 


yénd 2nd parameter GTS[7:0] 


Description scan line is defined as the first line of V-Sync and is denoted as)Line 0. 
When in Sleep Mode, the value returned by get_scanlineéis undefined. 
Restriction | - 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode Onyldle Mode On, Sleep Out Yes 
Register 
Pyalapiy Partial Mode. On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle-Mode On, Sleep Out Yes 
Sleep In Yes 
get_scanline ' Legend 4 
— =o 
Flow Chart are 


Sequential 
transfer 


errr l 
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DSTBON (4F00h): Deep Standby Mode On 


4F00H DSTBON(Deep Standby Mode On) 


DCX RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 DO HEX 


Command 0 1 t x 0 1 0 0 1 1 1 1 4F 


1* parameter 1 1 i x 0 0 0 ol o0 0 0|DSTB| 00 


This command is used to enter deep standby mode. 


DSTB="1”, enter deep standby mode. 


Description Notes: 


1. To exit Deep Standby Mode, input low pulse more than 3 msec to pin RESX: 


Restriction | There is no visible effect until the Frame Memory is written to. 


Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
OOo Legend ` 
Flow chart 


Deep Standby Mode 


Sequential 
transfer 
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WRPFD(50h) : Write Profile Value for Display 


50H WRPFD 


DCX) RDX} WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX 


Command 0 1 il X 0 1 0 1 0 0 0 0 50 


1° parameter] 1 T 1 X x x x x x x x x x 


2" parameter 1 | + 1 xx | V017 | vo16 | vo15 | vo14 | vo13 | vo12 | vo11 | VO10 | FF 


3 parameter 14 | + 1 xx | V027 | vo26 | vo25 | vo24 | vo23 | vo22 | \v021 | vo20 | FF 


n” parameter| 1 f 1 XX 


16" parameter 1 | + 1 xx | V167 | v166 | v165 | 164a v163 | V462 | v161 | v160 | FF 


Description | This command is used to define profile values for display. 


Restriction | - 
Status Availability 
Normal Mode-On, Idle Mode Off; Sleep Out Yes 
Register Normal Mode.On, Idle Mode On, Sleep Out Yes 
Availability Partial Mode. On, ldlefMode Off, Sleep Out Yes 
Partial Mode On,Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence FFh 
potent SW Reset FFh 
HW Reset FFh 


a 
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WRPFD (50hH) 


1st Parameter V01[7:0] 
2nd Parameter V02[7:0] 
Flow Chart 


` 46th Parameter V16[7:0 


Host 


Driver 


Sequentia 
transfer 


OO 
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WRDISBV (5100h): Write Display Brightness 


5100H WRDISBV 
DCX | RDX |WRX|D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX 
Command 0 1 f x 0 1 0 1 0 0 0 1 51 
1" parameter| 1 1 f xX DBV7 | DBV6 | DBV5 | DBV4 | DBV3 | DBV2 | DBV1 | DBVO | 00 


Description 


This command is used to adjust brightness value. 


In principle relationship is that 00h value means the lowest brightness and FFh value means the highest 


brightness. 
DBV[7:0] Brightness (ratio) Brightness (%) 
00h 0/256 0% 
Oth 2/256 0.78125% 
FEh 255/256 99.609375% 
FFh 256/256 100% 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 


Restriction | The display supplier cannot use this command-for tuning 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
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Flow chart 


WRDISBV (51h) 


Parameter DBV[7:0] 


New Brightness Loaded 


Sequential 
transfer 
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RDDISBV (5200h): Read Display Brightness 


5200H RDDISBV 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 j x 0 1 0 1 0 0 1 0 52 
1*' parameter 1 f 1 x x x x x x x x x X 
2™ parameter 1 il 1 x DBV7|DBV6|DBV5|DBV4|DBV3|/DBV2;\DBV1|DBV0;} 00 
This command returns brightness value. 
Description In principle relationship is that 00h value means the lowest brightness and FFh value means the 
highest brightness. 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle*Mode.On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default SW Reset 00h 
HW Reset 00h 
("Legend 
Send parameter ? 
Flow Chart fae 
: : 
Sequential 
! transfer i 
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WRCTRLD (5300h): Write CTRL Display 


5300H WRCTRLD 


DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX 


Command 0 1 fi x 0 1 0 1 0 0 1 1 53 


1" parameter| 1 1 t x 0 0 |BCTRL| A DD BL DB G 00 


—————————— 
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This command is used to control ambient light, brightness and gamma setting. 
BCTRL: Brightness Control Block On/Off 


The BCTRL bit is always used to switch brightness for display with dimming effect (according to DD bit). 


BCTRL DESCRIPTION LEDPWM Pin DESCRIPTION LEDPWM Pin 
0 Off, LEDPWPOL="0”: keep low (0%) 
DBV[7:0] and KBV[7:0] are 00h. LEDPWPOL="1”: keep high (0%) 
1 On, LEDPWPOL="0”: PWM output (high level is duty) 


DBV[7:0] and KBV[7:0] are active | LEDPWPOL="1": PWM output (low level is duty) 


A: LABC Block On/Off 


The BCTRL bit is used to control LABC block. 


A DESCRIPTION PWM duty for LEDPWM Pin 
0 Off By DBV[7:0] of command “WRDISBV (5100h)” 
1 On By LABC block 


DD: Display Dimming Control On/Off 


DD 


DESCRIPTION 


0 


Display dimming is off 


Display dimming is on 


BL: Backlight Control On/Off without Dimming Effect 


When BL bit change from “On” to “Off”, display brightness is turned off without gradual dimming, even if 
dimming on (DD="1”) is selected. 
Description B DESCRIPTION LEDON Pin 
p 0 Off LEDONPOL="0”: keep low (non-lit) 

LEDPWPOL="1”: keep high (non-lit) 

1 On LEDPWPOL="0”: keep high (lit) 
LEDPWPOL="1”: PWM output (lit) 

DB: Display Brightness, Manual/Automatic 
DB DESCRIPTION 
0 Manual, the user has to use this setting for manual adjustment of the brightness to have 


an.effect. 


1 


Automatic, information about the used brightness is included in the active profile. 


Note: All.read,and write commands are valid, but there is no effect (except registers can be changed) when 


write commands are used. 


G: Gamma Curve Manual/Automatic 


G 


DESCRIPTION 


0 


Manual, by GAMSET-command 


1 


Automatic, information about the used gamma is included in the active profile. 


The dimming function is adapted to the brightness registers for display when bit BCTRL is changed at 
DD="1”, e.g. BCTRL: 0—1 or 1-0. 

When the ambient light sensing off-mode (A="0”), display brightness and gamma setting should be 
manual setting (DB=”0” and G="0”). Setting values are the last one written with "Write Display Brightness 
(5100h)" command and GAMSET-command or the default one. 

When the ambient light control on, light sensor control block is always working, even if backlight off 


(BL=“0”) and display brightness manual (DB="0”) are selected. 
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Restriction | The display supplier cannot use this command for tuning 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
("Legend 
! ! 
WRCTRLD (53h 
Flow chart i 
i Sequential i 
| U ner 2 | 


a 
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RDCTRLD (5400h): Read CTRL Display Value 


5400H RDCTRLD 
DCX | RDX |WRX| D15-8; D7 D6 D5 D4 D3 D2 D1 DO |HEX 
Command 0 1 f x 0 1 0 1 0 0 1 1 53 
1" parameter, 1 t 1 x x x x x x x x x X 
aen 1 T 1 X 0 0 IBCTRL A DD BL DB G 00 


OOO 
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This command is used to control ambient light, brightness and gamma setting. 
BCTRL: Brightness Control Block On/Off 


The BCTRL bit is always used to switch brightness for display with dimming effect (according to DD bit). 


BCTRL DESCRIPTION LEDPWM Pin DESCRIPTION LEDPWM Pin 
0 Off, LEDPWPOL="0”: keep low (0%) 
DBV[7:0] and KBV[7:0] are 00h. LEDPWPOL="1”: keep high (0%) 
1 On, LEDPWPOL="0”: PWM output (high level is duty) 


DBV[7:0] and KBV[7:0] are active _| LEDPWPOL="1": PWM output (low level is duty) 


A: LABC Block On/Off 


The BCTRL bit is used to control LABC block. 


A DESCRIPTION PWM duty for LEDPWM Pin 
0 Off By DBV[7:0] of command “WRDISBV (5100h)” 
1 On By LABC block 


DD: Display Dimming Control On/Off 


DD 


DESCRIPTION 


0 


Display dimming is off 


Display dimming is on 


BL: Backlight Control On/Off without Dimming Effect 


When BL bit change from “On” to “Off’, display brightness is turned off without gradual dimming, even if 
dimming on (DD="1”) is selected. 
Description B DESCRIPTION LEDON Pin 
p 0 Off LEDONPOL="0”: keep low (non-lit) 

LEDPWPOL="1”: keep high (non-lit) 

1 On LEDPWPOL="0”: keep high (lit) 
LEDPWPOL="1”: PWM output (lit) 

DB: Display Brightness, Manual/Automatic 
DB DESCRIPTION 
0 Manual, the user has to use this setting for manual adjustment of the brightness to have 


an.effect. 


1 


Automatic, information about the used brightness is included in the active profile. 


Note: All.read,and write commands are valid, but there is no effect (except registers can be changed) when 


write commands are used. 


G: Gamma Curve Manual/Automatic 


G 


DESCRIPTION 


0 


Manual, by GAMSET-command 


1 


Automatic, information about the used gamma is included in the active profile. 


The dimming function is adapted to the brightness registers for display when bit BCTRL is changed at 
DD="1”, e.g. BCTRL: 0—1 or 1-0. 

When the ambient light sensing off-mode (A="0”), display brightness and gamma setting should be 
manual setting (DB=”0” and G="0”). Setting values are the last one written with "Write Display Brightness 
(5100h)" command and GAMSET-command or the default one. 

When the ambient light control on, light sensor control block is always working, even if backlight off 


(BL=“0”) and display brightness manual (DB="0”) are selected. 
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Restriction | The display supplier cannot use this command for tuning 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
i" Legend i) 
oe E vin ai 
Send parameter ' i 
BCTRL, A, i i 
Flow Chart _, * | 
Sequential i 
] transfer i 


SE 
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WRCABC (5500h): Write Content Adaptive Brightness Control 


5500H WRCABC 
DCX | RDX |WRX|D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX 
Command 0 1 f x 0 1 0 1 0 0 0 1 51 
1" parameter| 1 1 i x 0 0 0 0 0 0 C1 CO | 00 
This command is used to set parameters for image content based adaptive brightness control 
functionality. There is possible to use 4 different modes for content adaptive image functionality, which 
are defined on a table below. 
C1 Co Function 
Description 0 0 Off 
0 1 UI Mode 
1 0 Still Mode 
1 1 Moving Mode 
Restriction | This register is synchronized with V-syne by internalcircuit. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
eva Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 


OOO 
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Parameter 


WRCABC (55h) 
ParameterC[1 :0] 


Pixel compaensation and 
gate function ON/OFF 


Flow chart 


transfer 


eo eee eo eee | 
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RDCABC (5600h): Read Content Adpative Brightness Control 


5600H RDCABC 
DCX | RDX | WRX | D15-8 | D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | HEX 
Command 0 1 j x 0 1 0 1 0 1 1 0 56 
1*' parameter 1 f 1 x x x x x x x x x X 
2™ parameter 1 t 1 x aq | 0) 0 |) 0.) 0 | @ | 61) -Co | o0 


This command is used to read the settings for image content based adaptive.brightness control 


functionality. There is possible to use 4 different modes for content adaptiveyimage functionality, 


which are defined on a table below.. 


C1 Co Function 
Description 0 0 Off 
0 1 UI Mode 
1 0 Still Mode 
1 1 Moving Mode 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
BERI SW Reset 00h 
HW Reset 00h 
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! 
1 
1 
I 
1 
1 
I 
I 
1 
I 
I 
1 
1 
J 
I 
! 
1 
1 
1 
I 
i} 
1 
I 
I 
1 
1 
I 
I 


Parameter 


Flow Chart 


Oe 
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WRHYSTE (5700h): Write Hystersis 


5700H WRHYSTE 
DCX | RDX |WRX| D15-8} D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 f x 0 1 0 1 0 1 1 1 57 
4% parameter) 1 1 t x 10115 | 10114 | 10113 | 10112 | 10111 | 10110 | 1019 | 1018 | FF 
2"! parameter 1 1 i x 1017 | 1016 | 1015 | 1014 | 1013 | 1012 | 1011 1010 | FF 
3 parametern 1 1 t x 10215 | 10214 | 10213 | 10212 | 10211 | 10210), 1029 | 1028 | FF 
4" parameter 1 1 t x 1027 | 1026 | 1025 | 1024 | 1023€ ™®I022 | 1021 |, 1020 | FF 
28" parameter} 1 1 i x 11515 | 11514 | 11513 | 115142 | 11514 | 11510 | 1159 | 1158 | FF 
29" parameter| 1 1 t x 1157 | 1156 | 1155 {£ 1154) 1153 | 1452 | 1151 | 1150 | FF 
30" parameter| 1 1 T x 11615 | 11614 | 11613 | 11612 | 11641 | 11610 | 1169 | 1168 | FF 
31" parameter) 1 1 i x 1167 | 1166 | 11651164 | 1163 | 1162 | 1161 | 1160 | FF 
32" parameter| 1 1 fi x |D0115 D0114 D0113. D0112 | D0111 | D0110 | D019 | D018 | FF 
33" parameter 1 1 t x D017 | D016 | D015, D014 | D013 | D012 | D011 | D010 | FF 
34" parameter| 1 1 T x 4 D0215 D0214.D0213 |D0212 | D0211 | D0210/ D029 | D028 | FF 
35" parameter) 1 1 îi x D027 | D026 | D025 | D024 | D023 | D022 | D021 | D020 | FF 
60" parameter 1 1 t x |D1515)D1514|D1513 |D1512) D1511 |D1510) D159 | D158 | FF 
61" parameter| 1 1 t x D157 | D156 | D155 | D154 | D153 | D152 | D151 | D150 | FF 
62" parameter 1 1 t x |D1615|D1614|D1613 |D1612) D1611 |D1610) D169 | D168 | FF 
63" parameter| 1 1 T x D167 | D166 | D165 | D164 | D163 | D162 | D161 | D160 | FF 
This command is used to define Hysteresis filter function. 
In[15:0] defines increment values and Dn[15:0] defines decrement values. 
Description Don’t care about the parameter values after "65535 (FFFFh)". 
116[15 : 0] bits and D16[15 : 0] bits are always set to "65535 (FFFFh)" internally, if 115[15 : 0] bits and 
D15[15 : 0] bit are still valid and less than "65535 (FFFFh)". 
Restriction | ~ 


OOO 
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Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence FFh 
Default 
SW Reset FFh 
HW Reset FFh 
aes Legend! 
el 
|Z Paani 
Flow chart 4st Parameter 104[15:8] 
2nd Parameter 101[7:0] 
63th Parameter D16[15:8] 
64th, Parameter D16[7:0] } Sequential | 
i transfer ! 
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WRGAMMASET (5800h): Write Gamma Setting 


5800H WRGAMMASET 
DCX | RDX |WRX| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX 
Command 0 1 i x 0 1 0 1 1 0 0 0 58 
4st parameter| 1 4 i x G023 | G022 | G021 | G020 | G013 | G012 | G011 | G010 | 01 
2"¢ parameter 1 1 i x G043 | G042 | G041 | G040 | G033 | G032 | G031 | G030 | 01 
01 
g” parameter 1 1 t x G163 | G162 | G161 | G160 |_G153 | G152 | Gi51 | G150 | 01 
This command is used to define gamma setting values for eachduminance level. 
Gamma value is defined on command “Gamma Set (2600h)”’. 
Gn[3:0] Parameter Curve Selected 
pi 01h GCO Gamma Curve 1 (G=2.2) 
Description 
02h GC1 Reserved 
04h GC2 Reserved 
08h GC3 Reserved 
Restriction | ~ 
Status Availability 
Normal,Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 01h 
Default 
SW Reset 01h 
HW Reset 01h 
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WRGAMSET(58h) 


Flow chart 


1st Parameter GO2/G01[3:0] 
2nd Parameter G04/G03[3:0] 


8th Parameter G16/G15[3:0] 


Sequential 


transfer 


OO 
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RDFSVM (5A00h): Read FS Value MSBs 


5A00H RDFSVM 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 t x 0 1 0 1 1 0 1 0 5A 
1° parameter 1 i} 1 x x x x x x x x x X 
a parameter 1 T 1 X FSV15 | FSV14 | FSV13 | FSV12 | FSV11|FSV10} FSV9 | FSV8| FF 


Description 


This command returns MSBs (FSV[15:8]) of the "Front Side Ambient Light Sensor Value" after the flicker 
has been removed from ambient light reading. 

Another command for LSBs (FSV[7:0]). See the command "Read FS Value, LSBs,(5B00h)". 

When using read LSBs/MSBs command, corresponding MSBs/LSBs)should belocked so that they refer 
to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs 
should be released. And that if e.g. LSBs are read and there is no\MSBs read command, the next LSBs 
read will also update MSBs. If MSBs are read at first, the next MSBs read will update LSBs. 

If any other commands are received between LSBs read.command and MSBs read command, the 
registers for MSBs and LSBs should be released. 

FSV[15:8] should be 00h when bit 'A' of the "Write CTRL Display (5300h)" command is "0". 

Note: Although FSV[15:0] is 16-bit length register, the valid value range is 0 ~ 65535 (0000h ~ FFFFh), In 


other words, user don't care about the parameter values over than "65535 (FFFFh)". 


Restriction 


Register 
Availability 


Status Availability 


Normal Mode On, Idle Mode Off, Sleep Out Yes 


Normal Mode On, Idle Mode On, Sleep Out Yes 


Partial Mode On, Idle Mode Off, Sleep Out Yes 


Partial Mode On, Idle Mode On, Sleep Out Yes 


Sleep In Yes 


OO 
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Status Default Value 
Power On Sequence 00h 
Default SW Reset Ooh 
HW Reset 00h 
_ Legend 4 
: : 
Z Parana 7’ 
| : 
I 1 
Flow Chart Send Parameter FSV[15:8] i 
i D i 
Sequential i 
! transfer ! 
l 1 
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RDFSVL (5B00h): Read FS Value LSBs 


5B00H RDFSVL 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 t x 0 1 0 1 1 0 1 1 5B 
1° parameter 1 i} 1 x x x x x x x x x X 
a parameter 1 tT 1 X FSV7 | FSV6 | FSV5 | FSV4 | FSV3 | FSV2 | FSV1 | FSV0O| FF 


Description 


This command returns LSBs (FSV[7:0]) of the "Front Side Ambient Light Sensor Value" after the flicker 
has been removed from ambient light reading. 

Another command for MSBs (FSV[15:8]). See the command "Read FS Value MSBs (5A00h)". 

When using read LSBs/MSBs command, corresponding MSBs/LSBs)should belocked so that they refer 
to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs 
should be released. And that if e.g. LSBs are read and there is no\MSBs read command, the next LSBs 
read will also update MSBs. If MSBs are read at first, the next MSBs read will update LSBs. 

If any other commands are received between LSBs read.command and MSBs read command, the 
registers for MSBs and LSBs should be released. 

FSV[7:0] should be 00h when bit 'A' of the "Write CTRL Display (5300h)" command is "0". 

Note: Although FSV[15:0] is 16-bit length register, the valid value range is 0 ~ 65535 (0000h ~ FFFFh), In 


other words, user don't care about the parameter values over than "65535 (FFFFh)". 


Restriction 


Register 
Availability 


Status Availability 


Normal Mode On, Idle Mode Off, Sleep Out Yes 


Normal Mode On, Idle Mode On, Sleep Out Yes 


Partial Mode On, Idle Mode Off, Sleep Out Yes 


Partial Mode On, Idle Mode On, Sleep Out Yes 


Sleep In Yes 
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Status Default Value 
Power On Sequence 00h 
Berault SW Reset 00h 
HW Reset 00h 
_ Legend 4 
Ceme] | 
|Z Parenter 7’ 
Flow Chart Send Parameter FSV[7:0] i 
Sequential 
transfer 
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RDMFFSVM (5CO00h): Read Median Filter FS Value MSBs 


5C00H RDMFFSVM 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 i x 0 1 0 1 1 1 0 0 5A 
1° parameter 1 i} 1 x x x x x x x x x x 
2" parameter] 1 M 1 x | FFSV15| FFSV14 | FFSV13 | FFSV12|FFSV11/FFSV10) FFSV9 |FFsv8| FF 


Description 


This command returns MSBs (FFSV[15:8]) of the "Front Side Ambient Light Sensor Value" after the 
median filter. 

Another command for LSBs (FFSV[7:0]). See the command "Read Median Filter FS Value LSBs 
(5DOOh)". 

When using read LSBs/MSBs command, corresponding MSBs/LSBs should be locked so that they refer 
to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs 
should be released. And that if e.g. LSBs are read and thereiis no MSBs read command, the next LSBs 
read will also update MSBs. If MSBs are read at first; the next MSBs read will update LSBs. 

If any other commands are received between LSBs read command and MSBs read command, the 
registers for MSBs and LSBs shouldbe released. 

FFSV[15:8] should be 00h when bit 'A' of the "Write CTRL Display (5300h)" command is "0". 

Note: Although FFSV[15:0] is 16-bit length register, the valid value range is 0 ~ 65535 (0000h ~ FFFFh), 


In other words, user don't carevabout the parameter values over than "65535 (FFFFh)". 


Restriction 


Register 
Availability 


Status Availability 


Normal Mode On, Idle Mode Off, Sleep Out Yes 


Normal Mode On, Idle Mode On, Sleep Out Yes 


Partial Mode On, Idle Mode Off, Sleep Out Yes 


Partial Mode On, Idle Mode On, Sleep Out Yes 


Sleep In Yes 


Oe 
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Status Default Value 
Power On Sequence 00h 
Deran SW Reset 00h 
HW Reset 00h 
_ Legend 4 
: : 
|Z Parenter 7’ 
! : 
1 I 
Flow Chart Send Parameter FFSV[15:8] i 
i Mode `) i 
Sequential i 
! transfer ! 
i} I 
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RDMFFSVL (5D00h): Read Median Filter FS Value LSBs 


5D00H RDMFFSVL 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 t x 0 1 0 1 1 1 0 1 5D 
1° parameter 1 i} 1 x x x x x x x x x x 
a parameter 1 tT 1 X FFSV7 | FFSV6 | FFSV5 | FFSV4 | FFSV3|FFSV2| FFSV1 FFSVO FF 


This command returns LSBs (FDSV[7:0]) of the "Front Side Ambient Light Sensor Value" after the 
median filter. 

Another command for MSBs (FFSV[15:8]). See the command "Read Median Filter.-FS Value MSBs 
(5COOh)". 

When using read LSBs/MSBs command, corresponding MSBs/LSBs should be locked so that they refer 


to the same value when LSBs/MSBs are read. After reading both values, registers for MSBs and LSBs 


Description should be released. And that if e.g. LSBs are read and theresis no MSBs read command, the next LSBs 
read will also update MSBs. If MSBs are read,at first, the next MSBs read will update LSBs. 
If any other commands are received between LSBs read)\command and MSBs read command, the 
registers for MSBs and LSBs should be released. 
FFSV[7:0] should be 00h when bit 'A' of the "Write CTRL Display (5300h)" command is "0". 
Note: Although FSV[15:0] is 16-bit length register, the valid value range is 0 ~ 65535 (0000h ~ FFFFh), In 
other words, user don’t care about the parameter values over than "65535 (FFFFh)". 
Restriction | 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page233 


Raydium 


Status Default Value 
Power On Sequence 00h 
Berault SW Reset 00h 
HW Reset 00h 
_ Legend 4 
: : 
|Z Parenter 7’ 
! : 
1 I 
Flow Chart Send Parameter FFSV[7:0] i 
i D i 
Sequential i 
! transfer ! 
i} I 
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WRCABCMB (5E00h): Write CABC Minimum Brightness 


5E00H WRCABCMB 
DCX | RDX |WRX|D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX 
Command 0 1 f x 0 1 0 1 1 1 1 0 5E 
1" parameter| 1 1 f x | CMB7 | CMB6 | CMB5 | CMB4 | CMB3 | CMB2 | CMB1| CMBO| 00 


This command is used to set the minimum brightness value of the display for CABC function 


In principle relationship is that 00h value means the lowest brightness for CABC and FFh value means 


Description 
the highest brightness for CABC. 
Restriction | 7 
Status Availability 
Normal Mode On, Idle Mode Off, SleepOut Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability 
Partial Mode On, Idle‘Mode Off, Sleep, Out Yes 
Partial Mode On,ldle Mode On, Sleep Out Yes 
Sleep In Yes 


New Display Luminance 
Value Loaded 


Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
i" Legend 
| 
Parameter CMB[7:0] 
Flow chart 


Sequential 
transfer 
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RDCABCMB (5F00h): Read CABC Minimum Brightness 


5F00H RDCABCMB 


DCX | RDX |WRX]| D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX 


Command 0 1 f x 0 1 0 1 1 1 1 1 SF 


1" parameter| 1 1 f X CMB7  CMB6 | CMB5 | CMB4  CMB3 | CMB2 | CMB1 | CMBO| 00 


This command return the minimum brightness value of CABC function 

In principle relationship is that OOh value means the lowest brightness for CABC and. FFh value means 
Description | the highest brightness for CABC. 

CMBJ[7:0] is minimum brightness forCABC specified with “WRCABCMB Write CABC minimum brightness 


(5Eh)” command. 


Restriction | 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle’ Mode On, Sleep. Out Yes 
Availability 
Partial Mode On;ldle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleepdn Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 


Parameter 


RDCABCMB(5Fh) 


Send Parameter 
Flow chart CMB[7:0] 


ee eo ee ee ee | 
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WRLSCC (6500h): Write Light Sensor Compensation Coefficient Value 


6500H WRLSCC 
DCX | RDX |WRX|D15-8| D7 D6 D5 D4 D3 D2 D1 DO |HEX 
Command 0 1 i x 0 1 1 0 0 1 0 1 65 
4% parameter) 1 1 t x CC15 | CC14 | CC13 | CC12 | CC11 | CC10 | CC9 | CC8 | 80 
2"? parameter 1 1 i x CC7 | CC6 | CC5 | CC4 | CC3 | CC2 | CC1 | CCO | 00 


This command is used to send the compensation coefficient value (CC[15 : OJ). 


Description 
p Default value for compensation coefficient is 1.0 (1000 0000 0000 0000 ir binary). 


Restriction | The display supplier cannot use this command for tuning (e.g. factoryatuning, etc.). 


Status Availability 
Normal Mode On, Idle Mode Off, Sleep,Out Yes 
Register Normal Mode On, Idle Mode On, Sleep,Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 8000h 
Default 
SW Reset 8000h 
HW Reset 8000h 
oe Legend 
. 
Flow chart 


2nd Parameter CC[7:0] 
New CC Value Loaded 


Sequential 
transfer 
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Raydium 


RDLSCCM (6600h): Read Light Sensor Compensation Coefficient Value MSBs 


6600H RDLSCCM 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 j X 0 1 1 0 0 1 1 0 66 
1° parameter 1 i} 1 x x x x x x x x x x 
gnd parameter 4 t 4 x CC15 | CC14 | CC13 | CC12 | CC11 |CC10} CC9 | CC8 | 80 
This command returns MSBs of the compensation coefficient value (CC[15:8]) which is stored by “Write 
Light Sensor Compensation Coefficient Value (6500h)’ command. 
Description 
It can read MSBs/LSBs of "Light Sensor Compensation Coefficient value" with any order. 
Default value for compensation coefficient is 1.0 (1000 0000 0000 0000 in binary). MSBs are “1000 000”. 
Restriction The display supplier cannot use this command for tuning (e.g. factory tuning, etc.). 
Status Availability 
Normal Mode On, Idle Mode Off;,Sleep Out Yes 
Register Normal Mode On, Idle Mode,On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off„Sleep Out Yes 
Partial Mode.On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 80h 
Default 
SW Reset 80h 
HW Reset 80h 


Oe 
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Raydium 


Parameter 


Legend 


RDLSCCM(66h) 


Send Parameter 
CC[15:8] 


Flow Chart 


Sequential 
transfer 


OO 
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Raydium 


RDLSCCL (6700h): Read Light Sensor Compensation Coefficient Value LSBs 


6700H RDLSCCL 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 t x 0 1 1 0 0 1 1 1 67 
1° parameter 1 i} 1 x x x x x x x x x x 
ond parameter 1 ih 1 x CC7 | CC6 | CC5 | CC4 | CC3 | CC2 | CC1 | CCO) 00 
This command returns LSBs of the compensation coefficient value (CC[7:0]) which is stored by “Write 
Light Sensor Compensation Coefficient Value (6501h)’ command. 
Description It can read MSBs/LSBs of "Light Sensor Compensation Coefficient value" with anyorder. 
Default value for compensation coefficient is 1.0 (1000 0000 0000 0000 in binary). MSBs are “0000 000”. 
Restriction The display supplier cannot use this command for tuning (e.g. factory tuning},etc.). 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode.On, Sleep Out Yes 
Availability 
Partial Mode On, Idle Mode, Off, Sleep Out Yes 
Partial Mode‘On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 
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Raydium 


Parameter 


Legend 


RDLSCCL(67h) 


Send Parameter 
CC[7:0] 


Flow Chart 


Sequential 
transfer 


SS 
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Raydium 


RDBWLB (7000h): Read Black/White Low Bits 


7000H RDBWLB 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 j X 0 1 1 1 0 0 0 0 70 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter| 1 t 4 x Bkx1 | BkxO | Bky1 | BkyO | Wx1 | Wx0 | Wy1 | Wy0| 00 


This command returns the lowest bits of black and white color characteristic. 
Description | Black: Bkx and Bky 


White: Wx and Wy 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On; Sleep,Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
o Legend! 


RDBWLB(70h) 


Send Parameter 
Bkx[(1:0], Bky[1:0], 
Wx[1:0], Wy[1:0 
Flow Chart been 


Parameter 


Sequential 
transfer 
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Raydium 


RDBkx (7100h): Read Bkx 


7100H RDBkx 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 0 0 0 1 71 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter| 1 t 1 x Bkx9 | Bkx8 | Bkx7 | Bkx6 | Bkx5 | Bkx4 | Bkx3 |Bkx2| 00 


Description This command returns the Bkx bit (Bkx[9:2]) of black color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDBkx(71h) 


Send Parameter 
Bkx[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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Raydium 


RDBky (7200h): Read Bky 


7200H RDBky 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 0 0 0 1 71 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter 4 t 4 x Bky9 | Bky8 | Bky7 | Bky6 | Bky5 | Bky4 | Bky3 |Bky2| 00 


Description This command returns the Bky bit (Bky[9:2]) of black color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDBky(72h) 


Send Parameter 
Bky[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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Raydium 


RDWx (7300h): Read Wx 


7300H RDWx 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 0 0 1 1 73 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter 4 t 4 x Wx9 | Wx8 | Wx7 | Wx6 | Wx5 | Wx4 | Wx3 | Wx2| 00 
Description This command returns the Wx bit (Wx[9:2]) of black color characteristic. 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend! 
3 ! 
, VETA 
Send Parameter i i 
Wx{9:2] i 
Flow Chart ! i 
Sequential i 
i transfer ! 
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Raydium 


RDWy (7400h): Read Wy 


7400H RDWy 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 0 1 0 0 74 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter) 1 T 1 x Wy9 | Wy8 | Wy7 | Wy6 | Wy5 | Wy4 | Wy3 | Wy2| 00 


Description This command returns the Bky bit (Bky[9:2]) of black color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDWy(74h) 


Send Parameter 
Wy[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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Raydium 


RDRGLB (7500h): Read Red/Green Low Bits 


7500H RDRGLB 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 0 1 0 1 75 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter| 1 t 4 x Rx1 Rx0 Ry1 RyO | Gx1 | GxO | Gy1 | GyO | 00 


This command returns the lowest bits of red and green color characteristic. 


Description | Red: Rx and Ry 


Green: Gx and Gy 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On; Sleep,Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
o Legend! 


RDRGLB(75h) 


Send Parameter 
Rx[1:0], Ry[1:0], 
Gx{[1:0], Gy[1:0 
Flow Chart aac 


Parameter 


Sequential 
transfer 
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Raydium 


RDRx (7600h): Read Rx 


7600H RDRx 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 0 1 1 0 76 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter 4 t 1 x Rx9 Rx8 Rx7 Rx6 | Rx5 | Rx4 | Rx3 | Rx2 | 00 
Description This command returns the Rx bit (Rx[9:2]) of red color characteristic. 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend! 
3 ! 
, VETA 
Send Parameter i i 
Rx[9:2] i i 
Flow Chart ! i 
Sequential i 
i transfer ! 
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Raydium 


RDRy (7700h): Read Ry 


7700H RDRy 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 0 1 1 1 77 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter) 1 T 1 x Wy9 | Wy8 | Wy7 | Wy6 | Wy5 | Wy4 | Wy3 | Wy2| 00 


Description This command returns the Ry bit (Ry[9:2]) of red color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDRy(77h) 


Send Parameter 
Ry[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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Raydium 


RDGx (7800h): Read Gx 


7800H RDGx 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 j X 0 1 1 1 1 0 0 0 78 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter 1 T 1 x Gx9 | Gx8 | Gx7 | Gx6 | Gx5 | Gx4 | Gx3 | Gx2 | 00 


Description | This command returns the Gx bit (Gx[9:2]) of green color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDGx(78h) 


Send Parameter 
Gx{[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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Raydium 


RDGy (7900h): Read Gy 


7900H RDGy 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 1 0 0 1 79 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter) 1 T 1 x Gy9 | Gy8 | Gy7 | Gy6 | Gy5 | Gy4 | Gy3 | Gy2 | 00 


Description This command returns the Gy bit (Gy[9:2]) of green color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDGy(79h) 


Send Parameter 
Gy[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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Raydium 


RDBALB (7A00h): Read Red/Green Low Bits 


7A00H RDBALB 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 1 0 1 0 TA 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter| 1 t 4 x Bx1 Bx0 By1 ByO | Ax1 | AxO | Ay1 | AyO | 00 


This command returns the lowest bits of blue and A color characteristic. 


Description | Blue: Bx and By 


A: Ax and Ay 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On; Sleep,Out Yes 
Availability 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
o Legend! 


RDBALB(7Ah) 


Send Parameter 
Bx[1:0], By[1:0], 
Ax{1:0], Ay[1:0 
Flow Chart COLA 


Parameter 


Sequential 
transfer 
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Raydium 


RDBx (7B00h): Read Rx 


7B00H RDBx 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 1 0 1 1 7B 
1° parameter 1 f 1 x x x x x x x x x x 
2™ parameter 1 T 1 x Bx9 Bx8 Bx7 Bx6 | Bx5 | Bx4 | Bx3 | Bx2 | 00 
Description This command returns the Bx bit (Bx[9:2]) of blue color characteristic. 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend! 
3 ! 
, VETA 
Send Parameter i i 
Bx{9:2] ! 
Flow Chart i 
Sequential i 
i transfer ! 
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Raydium 


RDBy (7C00h): Read By 


7C00H RDBy 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 1 1 0 0 7C 
1% parameter 1 f 1 x x x x x x x x x x 
2™ parameter) 1 T 1 x By9 | By8 | By7 | By6 | By5 | By4 | By3 | By2 | 00 


Description This command returns the By bit (By[9:2]) of blue color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDBy(7Ch) 


Send Parameter 
By[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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Raydium 


RDAx (7D00h): Read Ax 


7DO0H RDAx 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 1 1 0 1 7D 
1° parameter 1 f 1 x x x x x x x x x x 
gnd parameter 1 tT 1 x Ax9 Ax8 Ax7 Ax6 Ax5 Ax4 Ax3 Ax2 00 
Description This command returns the Ax bit (Ax[9:2]) of A color characteristic. 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend! 
3 ! 
, VETA 
Send Parameter i i 
Ax{9:2] ! 
Flow Chart i 
Sequential i 
i transfer ! 
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Raydium 


RDAy (7E00h): Read Ay 


7E00H RDAy 
DCX | RDX | WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 } x 0 1 1 1 1 1 1 0 7E 
1% parameter 1 f 1 x x x x x x x x x x 
2™ parameter) 1 T 1 x Ay9 | Ay8 | Ay7 | Ay6 | Ay5 | Ay4 | Ay3 | Ay2 | 00 


Description This command returns the Ay bit (Ay[9:2]) of A color characteristic. 


Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availability , 
Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
oo Legend 


RDAy(7Eh) 


Send Parameter 
Ay[9:2] 
Flow Chart 


Parameter 


Sequential 
transfer 
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RDDDBS(A1h) : Read_DDB_ Start (A1h) 


A1H RDDDBS(Read_DDB_ Start) 
DCX) RDX} WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 iT xX 1 0 1 0 0 0 0 1 A1 
1° parameter) 1 t 1 x x x x x x x x x x 
2" parameter| 1 T 1 xx /1D1[15]}1D1[14]}1D1[13])1D1[12]}1D1[11]}1D1[10]} 1ID1[9] | ID1[8] | 00 
3" parameter| 1 T 1 xx | ID1[7] | ID1[6] | ID1[5] | ID1[4] | ID1[3] | 1D1[2] | 1D1[1] | IDA[0] | 00 
4" parameter) 1 ji 1 xx |1D2[15]}1D2[14]|1D2[13])ID2[12]}1D2[11]}1D2[10}/D2[9] | ID2[8] | 00 
5" parameter| 1 T 1 xx | ID2[7] | ID2[6] | ID2[5] | ID2[4}>1D2[3] | 1D2[2] | ID2[1] | ID2[0] | 00 
6” parameter| 1 t 1 XX 1 1 1 1 1 1 1 1 FF 
1° parameter: Dummy read 
2™ parameter: Supplier ID code 
Description 3" parameter: Supplier ID code 
4" parameter: Module ID 
5" parameter: Module ID 
Restriction 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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Raydium 


Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
Serial I/F Mode Parallel I/F Mode 
RDDDBS (A1h) RDDDBS (A1h) 
an ener Te ener ne Seen, Host 
Driver 
Oo Legend 


Send ID1[15:8] 


Send ID1[15:8] 


Send ID1[7:0 


Flow Chart 
Send ID1[7:0 


Send ID2[15:8] Send ID2[15:8] 


Sequential 


Send ID2[7:0 
[7:0] transfer 


Send ID2[7:0] 


—————————— 
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Raydium 


RDDDBC(A800h) : Read DDB Contin 


A800H RDDDBC 

DCX) RDX} WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 

Command 0 1 i} x 1 0 1 0 1 0 0 0 A8 
1° parameter) 1 t 1 x x x x x x x x x x 
2" parameter| 1 T 1 xx /1D1[15]}1D1[14]}1D1[13])1D1[12]}1D1[11]}1D1[10]} 1ID1[9] | ID1[8] | 00 
3" parameter| 1 T 1 xx | ID1[7] | ID1[6] | ID1[5] | ID1[4] | ID1[3] | 1D1[2] | 1D1[1] | IDA[0] | 00 
4" parameter) 1 T 1 xx |1D2[15]}1D2[14]|1D2[13])ID2[12]}1D2[11]}1D2[10}/D2[9] | ID2[8] | 00 
5" parameter| 1 T 1 xx | ID2[7] | ID2[6] | ID2[5] | ID2[4}>1D2[3] | 1D2[2] | 1ID2[1] | ID2[0] | 00 
6” parameter| 1 t 1 XX 1 1 1 1 1 1 1 1 FF 


Description 


Note: For use example, 


1. Set maximum return packet size=3 


3. Read 0xA8, return 2 bytes MID[15:8] and OxFF 


2. Read 0xA1, return 3 bytes SID[7:0], SID[15:8]) MID[7:0] 


point where RDDDBS command was interrupted by,an other command. 


Note: Parameter OxFF is an “Exit Code”, this means that there is no more data in the DDB block. 


This command returns the supplier identification and display module mode/revision information from the 


A Read DDB Start command (RDDDBS) should be executed at least once before a Read DDB Continue 


Restriction command (RDDDBC)to define the read location. Otherwise, data read with a Read DDB Continue 
command is undefined. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Normal Mode On, Idle Mode On, Sleep Out Yes 
Register 
Availability Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
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Default Value 
Status 
After MTP Before MTP 
Default Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
roo legend 


RDDDBC(A8h) 


Parameter 


RDDDBS Data 
D1[7:0], 
D2[7:0}, +, Dn[7:0] 


Flow Chart 


Sequential 
transfer 


————— 
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RDFCS(AAO0h) : Read First Checksum 


AAOOH RDFCS 
DCX} RDX} WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 iT xX 1 0 1 0 1 0 1 0 AA 
1° parameter| 1 t 1 x x x x x x x x x x 
2" parameter| 1 t 1 xx | FCS7 | FCS6 | FCS5 | FCS4 | FCS3 | FCS2 | FCS1 | FCSO | 00 
This command returns the first checksum what has been calculated from “User Command Set” area 
Description registers (not include “Manufacture Command Set) and the frame memory after.the write,access to those 
registers and/or frame memory has been done. 
It will be necessary to wait 150ms after there is the last write access on “User Command Set” area 
eviesey registers before there can read this checksum value. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle-Mode On, Sleep,Out Yes 
GNI Partial Mode On\ Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode.On, Sleep Out Yes 
Sleepin Yes 
Status Default Value 
Default Power On Sequence 00h 
S/W Reset 00h 
H/W Reset 00h 
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Flow Chart 


RDFCS(AAh) 


Send Parameter 
FCS[7:0] 


Sequential 
transfer 


Se 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page262 


Raydium 


RDCCS(AFO0h) : Read Continue Checksum 


AFOOH RDCCS 
DCX} RDX} WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 iT xX 1 0 1 0 1 1 1 1 AF 
1° parameter| 1 t 1 x x x x x x x x x x 
2" parameter| 1 t 1 xx | CCS7 | CCS6 | CCS5 | CCS4 | CCS3 | CCS2 | CCS1 | CCSO} 00 
This command returns the continue checksum what has been calculated continuously after the first 
Description checksum has calculated from “User Command Set” area registers and the frame memory-after the write 
access to those registers and/or frame memory has been done. 
It will be necessary to wait 300ms after there is the last write access on “User Command Set” area 
pee registers before there can read this checksum value imthe first time. 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle-Mode On, Sleep,Out Yes 
GNI Partial Mode On\ Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode.On, Sleep Out Yes 
Sleepin Yes 
Status Default Value 
Default Power On Sequence 00h 
S/W Reset 00h 
H/W Reset 00h 
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Flow Chart 


RDCCS(AFh) 


Send Parameter 
CCS[7:0] 


Sequential 
transfer 


SS 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page264 


Raydium 


RDID1(DAO0h) : Read ID1 


DAOOH RDID1 
DCX) RDX} WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 


Command 0 1 Î xX 1 1 0 1 1 0 1 0 DA 


1° parameter] 1 t 1 x x x x x x x x x x 


2™ parameter| 1 t 1 XX ID17 | ID16 | ID15 | 1D14 | 1D13 | ID12 | ID11 | ID10 | 00 


This read byte identifies the TFT LCD module’s manufacture ID. 


Description 
Restriction 7 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availabilit 
A Partial Mode On, Idle Mode OfffSleepOut Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Status Default Value 
Power On Sequence 00h 
Default 
SW Reset 00h 
HW Reset 00h 


RDID1(DAh) 


Send Parameter 
ID1[7:0] 


Parameter 


Flow Chart 


Sequential 
transfer 
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RDID2(DBOOh) : Read ID2 


DBOOH RDID2 
DCX) RDX} WRX | D15-8| D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 Î xX 1 1 0 1 1 0 1 1 DB 
1° parameter] 1 t 1 x x x x x x x x x x 
2" parameter| 1 ii 1 XX ID27 | ID26 | ID25 | ID24 | ID23 | ID22 | ID21 | ID20 | 00 


made to the display, material or construction specifications. 


This read byte is used to track the TFT LCD module/driver version. It is changed each time a version is 


Description 
Parameter Range: ID2 = 80h to FFh 
Restriction | 7 
Status Availability 
Normal Mode On, Idle Mode Off),Sleep, Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availabilit 
KEA Partial Mode On, IdlesMode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
Default 
Power On Sequence MTP Value 80h 
SW Reset MTP Value 80h 
HW Reset MTP Value 80h 
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Flow Chart 


RDID2(DBh) 


Send Parameter 
ID2[7:0] 


Sequential 
transfer 
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RDID3(DCOOh) : Read ID3 


DCOOH RDID3 
DCX) RDX} WRX | D15-8 | D7 D6 D5 D4 D3 D2 D1 DO | HEX 
Command 0 1 Î xX 1 1 0 1 1 1 0 0 DC 
1° parameter] 1 t 1 x x x x x x x x x x 
2" parameter| 1 t 1 XX ID37 | ID36 | ID35 | ID34 | ID33 | ID32 | ID31 | ID30 | 00 
ae This parameter read byte identifies the TFT LCD module/driver. 
Description 
Restriction | ~ 
Status Availability 
Normal Mode On, Idle Mode Off, Sleep Out Yes 
Register Normal Mode On, Idle Mode On, Sleep Out Yes 
Availabilit 
cated Partial Mode On, Idle Mode Off, Sleep Out Yes 
Partial Mode On, Idle Mode On, Sleep Out Yes 
Sleep In Yes 
Default Value 
Status 
After MTP Before MTP 
pare Power On Sequence MTP Value 00h 
SW Reset MTP Value 00h 
HW Reset MTP Value 00h 
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Flow Chart 


RDID3(DCh) 


Send Parameter 
ID3[7:0] 


Sequential 
transfer 
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9. Electrical Characteristics 


9.1 Absolute Maximum Ratings 


The absolute maximum 


rating is listed on following table. When RM68120 is used out of the absolute 


maximum ratings, the RM68120 may be permanently damaged. To use the RM68120 within the following 


electrical characteristics limit is strongly recommended for normal operation. If these electrical characteristic 


conditions are exceeded during normal operation, the RM68120 will malfunction and cause poor reliability. 


[tem | Syma 
Power supply voltage VDDI -0.3 ~ + 5.5 


Power supply voltage VDDA, VDDB, 
VDDR, VDDAM -03 -+ 5.5 


Supply voltage (Digital) DVDD, DIOPWR -0.3 ~ + 2&0 


Supply voltage (MV) 


AVDD-AVSS >0.3 ~ + 6.6 
AVEE-AVSS -0.3,~ + 6.6 


Supply voltage (HV) VGH - VGLX -0.3 D+ 33 
input voltage [N03 - ODIO 
Output voltage [vo [a vo 


Differential input voltage 


HSSI_CLK_PIN 
HSSI_DATAQOsPIN 
HSSI_DATA1_P/N 


Operating temperature 40-785 E 
Storage temperature 357125 °C 


Notes: 


If one of the above itemsis exceeded its maximum limitation momentarily, the quality of the product may be 
degraded. Absolute maximum limitation. Therefore, specify the values exceeding which the product may be 
physically damaged. Be suresto use the product within the recommend range. 


9.2 ESD Protection Level 


Model Test Condition Level 
Human Body Mode R = 1.5 kohm/ C = 100 pF > 2.5KV 
Machine Mode R =0 ohm/ C= 200 pF > 250V 


9.3 Latch-Up Protection Level 


The device will not latch up at trigger current levels less than +200 mA. 


9.4 Light Seneitivity 


The operation of the IC will not be materially altered by incident light. 


Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page270 


Raydium 


9.5 DC Characteristics 


9.5.1 Basic Characteristics 


Parameter Symbol Condition Related 
Pins 
Analog Power Supply Operation Voltage 23 V Note 1 
Voltage 


I/O pin Power Supply Voltage VDDI I/O supply voltage 1.65 
i i lan VDDIL 1/0 supply voltage l 
O T 


-ra High level input voltage VDDI = 1.65V ~ 3.3V 
Logic Low level input voltage VDDI = 1.65V ~ 3.3V 


Logic High level Output VOH lout = -1 mA 
voltage 


Logic Low level Output vo lout = +1 mA 
voltage _ 


Oo yO T 2 


fee ne! 
| AVDD booster voltage | AVDD | A“ 
| AVEE booster voltage | AVEE | € dL 
| VCL booster voltage | vet | ad 


Voltage difference between 
VGH and VGLX VGHL |VGH-VGLX| 
ee! Q agy | 


| MMW 
VCOM Amplitude voltage vcom | = ~ | 
“Sa . V = | 
VGMP | iiti‘“CsCSCSCizs 


Gamma reference voltage 


Output offset voltage | Vos | ooo 


CONE p e e e 
Output deviation voltage Vbpev Souts1.0V 
| 1.0V<Sout<4.0V_ | 10 tm | Notes 
Notes: 1. VDDI=1.65 to 3.3V, VDD=2.3 to 4.8V, VSSI=VSS=DVSS=0V, VDD means VDDA, VDDR, VDDB, VDDIM, 
VDDAM and VSS means VSSA, VSSR, VSSB, AVSS, VSSIM, VSSAM. VDDB, VDDA and VDDR should be the 
same input voltage level. 


2. TA= -30 to 85 C. 
3. Source channel loading =5KQ+55pF/channel. 


OO 
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9.5.2 MIPI Characteristics 


High-Speed Receiver Specification 


DC Specifications 


Notes: 


—— —_—_—— SS = a — — Vins 
— en a VemRxDC,MAx 
HS-RX 
Input 
Range 


— VOMRXDC,MIN 


GND 
Vitus 


High Speed Receiver 


Parameter Description Min Nom Max Units Note 


VCMRX(DC) | Common-mode voltage HS 70 330 mV 1,2 
receive mode 
VIDTH Differential input high threshold 70 mV 
VIDTL Differential input low threshold -70 mV 
VIHHS Single-ended input high voltage 460 mV 1 
VILHS Single-ended input low voltage -40 mV 1 
ZID Differentialinput impedance 80 100 125 Q 


1. Excluding possible additional RF,interference of 100mV peak sine wave beyond 450MHz. 


2. This table value_includes a ground difference of 50mV between the transmitter and the receiver, the static 


common-modeevel tolerance and variations below 450MHz 


OO 
Attachment is the exclusive property of Raydium and shall not be reproduced or copied or transformed to any other format without prior 
permission of Raydium. Please handle the information based on Non-Disclosure Agreement. 


Page272 


Raydium 


Forward high speed transmissions 


DDR Clock Definition 


CLKp 
CLKn | | | 
j 1 Data Bit Time = 1 UI '_ 1 Data Bit Time = 1 Ul \ 
i Ulinst(1) Ulinst(2) i 
— DDR Clock Period = Ulinst(1) + Ulinst(2 | 
Clock Parameter Symbol Min Typ Max Units Notes 
UI instantaneous 12.5 ns 1,2 
Ulmsr 
Notes: 
1. This value corresponds to a minimum 80 Mbps data rate. 
2. The minimum UI shall not be violated for any single bit period, ise., any DDR half cycle within a data burst. 


Data-Clock Timing Specifications 


Parameter Symbol Min Typ Max Units Notes 
Data to Clock Skew [measured 
at transmitter] Tskewrrx] -0.15 0.15 UlIwst 1 


Data to Clock Setup Time 
[receiver] Tserup[rx] 0.15 U Ist 2 


Clock to Data Hold Time 
[receiver] THoLD[RX] 0.15 U Ist 2 


Notes: 


1. Total silicon and.package delay budget of 0.3*UIngr 
2. Total setup and hold window for receiver of 0.3*UIINST 


Se 
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Data to Clock Timing Definitions 


Reference Time 


0.5Ulinss + 


SKEW 


CLKp 


CLKn 
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Low power transceiver specifications 


Parameters | Symbol 


input voltage 
input voltage 
_D1) 


Logic high level | VIH-LPRX LP-Rx (Lane_CK, Lane_D0O, Lane_D1 880 
input voltage 


Logic low level | VIL-LPRX LP-Rx (Lane_CK, Lane_DO, Lane_D1 
input voltage 


Logic low level 
input voltage 


Logic low level | VOL-LPTX 
input voltage 


Input pulse rejection 


Notes: 


@ Time-voltage integration of a spike above VIL when being in,LP-0O state or below VIH when being in LP- 
1 State. 


@ Animpulse less than this will not change the receiver state. 
© In addition to the required glitch rejection, implementers,shall ensure rejection of known RF -interferers. 


Input Glitch Rejection of Low Power Receiversyas follow. 
SPIKE 


EsPIKE 


Output 
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9.5.3 MDDI Characteristics 


Characteristics 


Specification 
Parameter Symbol Conditions UNIT 
MIN | TYP MAX 
Differential input “High” Vit+offset VT=125mv (MDDI_DATA_P/M) - 100 125 mv 
level voltage 
(hibernation wake-up) 
Differential input “Low” Vit-offset VT=125mv (MDDI_DATA_P/M) 75 100 - mv 
level voltage 
(hibernation wake-up) 
Differential input “High” Vite VT=Omv (MDDI_STB_P/M ,MDDI_DATA_P/M)._ | - 0 50 mv 
level voltage 
Differential input “Low” Vr- VT=0mv (MDDI_STB_P/M ,MDDI_DATA.P/M) | -50 (0) - mv 
level voltage 
Terminal impedance Zt - 80 - 125 ohm 


Note 1) VDDI= 1.65~3.3V, VDD=2.3 to 4.8V, VSSI=VSSVSSAM=0V, Ta=-30 to 70 °C (to +85 °C no 


damage). VDD means VDDAM, VDDA, VDDR, VDDB,and VSS means VSSAM, VSSA, VSSR, VSSB, AVSS. 
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9.6 AC Characteristics 


9.6.1 Parallel Interface Characteristics (80-Series MCU) 


t t 
< ast 4 aht > 


CSX 


WRX 


DB[23:0] X X 


RDX 


DB[23:0] X X 


DCX | Ta | 4 Addresssetuptime | 10 | - [| ms | 
[Tm | Addressnld time(Write/Read) | 2 | - | ns | o 

csx | Te d ChipSelectsetuptime (Write) | 20 | - [ ns | o 
| Tres | Chip Select setup time (Read) | 20 | - | ns | = y 
| Ta | ChipSelect Wait time (Write/Read) | 20 | - | ns | S 
| Tw PS Writecycle | 3 | Tors | o 
[Twn “| Write Control pulse Hduration | 15 | - | ns [ S 
| Twi a [ awrite Control pulse L duration | 15 | - | ns | | 
| Te M| — Readcyce | 40 | - | ns | 
p Ton [| Read Control pulse H duration | 250 | - | ns | Read from frame memory 
Petia’ | Read Control pulse L duration | 150 | - | ns | 

DB[23:0] |, Twas | Write data setuptime | 15 | - | ns | 
| Tun |  Witedataholdtime | 10 | - f ns | 
| Trec | Read access time | | 150 | ns | 
[| Tun | Readoutputdisabletime | 5 | - | ns | 


Note: Logic high and low levels are specified as 20% and 80% of IOVCC for Input signals. 
Note: Ta = -30 to 70 °C, IOVCC=1.65V to 3.3V, VCI=2.5V to 4.8V, GND=0V 
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9.6.2 Serial Interface Characteristics 


Signal Symbol Parameter MIN MAX Unit Description 

Tscyc Clock cycle (Write) 100 ns 
Tscyc Clock cycle (Read) 300 ns 
TscuH Clock “H” pulse width (Write) 40 ns 

SCL TscuH Clock “H” pulse width (Read) 140 ns z 
Tsc Clock “L” pulse width (Write) 40 ns 
Tsc Clock.“L” pulse width (Read) 140 ns 
T ser Clock rise time 5 ns 
Tscr Clock fall time 5 ns 

ncsS Tesu Chip select setup time 20 ns i 
Tou Chip select hold time 50 ns 

SDI Tsisu Data input setup time 20 ns i 
TsıH Data input hold time 20 ns 

SDO Tsop Data output setup time 120 ns _ 
Tsou Data output hold time 5 ns 


Note: Logic high and low levels are specified as 20% and 80% of IOVCC for Input signals. 
Note: Ta = -30 to 70 °C, IOVCC=1.65V to 3.3V, VCl=2.5V to 4.8V, GND=0V 
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9.6.3 I2C Bus Timing Characteristics 


Tstahd Tstasu 
I2C_SCL - 
Tstpsu Tbf 
I2C_SDA - 
START STOP 
Signal Symbol Parameter MIN MAX Unit 
Tckl + Tekh Operate frequency - 400 KHz 
I2C_SCL Tckl CLK low 1300 - ns 
Tekh CLK high 600 - ns 
Tr Data rising, time - 300 ns 
Tf Data falling time - 300 ns 
Tdathd Data hold time 0 900 ns 
Tdatsu Data setup time 100 - ns 
I2C_SDA 
= Tstahd Start hold time 600 - ns 
Tstasu Startsetup time 600 - ns 
Tstpsu Stop setup time 600 - ns 
Tbf Bus free time 1300 - ns 


Note: Logic high and low:levels are specified as 20% and 80% of IOVCC for Input signals. 
Note: Ta = -30.to,.70 °C, IOVCC=1.65V to 3.3V, VCI=2.5V to 4.8V, GND=0V 
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9.6.4 RGB Interface Characteristics 


A Di Lak 


HVPD tuss tusu 


— fs 
D 


Signal Symbol Parameter MIN TYP MAX Unit 
vs tvss VS setup:time 10 - - nS 
tvsH VS hold time 10 z - AS 
tuss HS, setup\time 10 p R ng 
HS tusH HS hold time 10 : - iE 
tuvep HS to VS falling edge 400 = z ns 
tocye PELK cycle time 33 2 125 nE 
PCLK tow PCLK low pulse width 11 - - ns 
toyw PCLK high pulse width 11 - - ns 

forREa PCLK frequency 8 z 30 MHz 
DE tocss DE setup time 10 E - ns 
tocsH DE hold time 10 z 3 ns 
; tops Data setup time 10 2 3 i 
Ae toon Data hold time 10 : z ns 


Note: Logic highħřanddow levels are specified as 20% and 80% of IOVCC for Input signals. 
Note: Ta = -30 to 70 °C, IOVCC=1.65V to 3.3V, VCI=2.5V to 4.8V, GND=0V 
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Raydium Rev : 0.0 


9.6.5 DSI Timing Characteristics 


HS Data Transmission Burst 


Dp/Dn TL px—?#Tispreparer—T Hs7ERO—}*—— THS-SyNC-—> ; 
Disconnect 
Terminator T 
-VIH(min) 
-VII (max. 
— bof TT XXX KEDOOOE =a 
Mior{max 3 ; 
T | Capture I TREOT>) 
D-TERM-EN 487 Data Bit oma ere 
LP-11 LP-01 LP-00 Tez 
—Tus-settle 4 


THs-TRAIL— I THs-exit 41 


> HS clock transmission 
Clock Lane Disconnect 
Dp/Dn / Terminator 

1I 


Teor- 
[+= Terkmiss 


j TerkpPosT 


Te LK-SETTLE 
Toeren] 


-VIH(min) 


Data Lane Disconnect — 
Dp/Dn / Terminator TLpx THS-PREPARE 


—Tus-skip-—>| [Toren 
—Ths-seTtLE—> 


> Turnaround Procedure 
Tpx Tipx Tpx Traco 


drive 
overlap 


LP-11; LP-10 LP-00 LP-40 : i LP-00 LP-00 LP-00 LP-10 | LP-11 
——— "fe" "> 
Tra SURE Tracet Tipx Tipx 
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RM69010 Data Sheet 
Rev - 0.0 


Timing Parameters: 


Parameter 


Description 


Min 


Typ 


Max Unit | Notes 


THs-PREPARE 


Time that the transmitter drives the Data Lane LP-00 Line 
state immediately before the HS-0 Line state starting the HS 
transmission 


40 ns + 4*UI 


85 ns + 6*UI ns 5 


Tus-pREPARE + THs-zZERO 


Tus-prepare + time that the transmitter drives the HS-0 state 
prior to transmitting the Sync sequence. 


145 ns + 10*UI 


ns 5 


THS-SETTLE 


Time interval during which the HS receiver shall ignore any 
Data Lane HS transitions, starting from the beginning of Tus- 
PREPARE. 


Time interval during which the HS-RX should ignore any 
transitions on the Data Lane, following a HS burst. The end 
point of the interval is defined as the beginning of the LP-11 
state following the HS burst. 


85 ns + 6*UI 


145 ns + 10*UI ns 6 


55 ns + 4*UI 


Time that the transmitter drives the flipped differential state 
after last payload data bit of a HS transmission burst 


max( n*8*UL, 60 ns 
+n*4*UL) 


Ratio Tipy 


TTA-GET 


Tra-co 


See section 5.11. 
Transmitted length of any Low-Power state period 


Ratio of TrpxqasTER) TLpxsLave) between Master and Slave 
side 


Time that the new transmitter drives the Bridge state (LP-00) 
after accepting control during a Link Turmaround. 


Time that the transmitter drives the Bridge state (LP-00) 
before releasing control during a Link Turnaround. 


ns 4,5 


ns 3 


TTA-SURE 


TWAKEUP 


Time that the new transmitter waits after the LP-10 state 
before transmitting the Bridge state (LP-00) during a Link 
Turnaround. 


Time that a transmitter drives a Mark-1 state prior to a Stop 
state in order to initiate an exit from ULPS. 


ms S 


Parameter 


Description 


TcLK-Miss 


Timeout for receiver to detect absence of Clock transitions 
and disable the Clock Lane HS-RX. 


Tc1K-Post 


TCLK-PRE 


TCLK-PREPARE 


Time that the transmitter continues to send HS clock after the 
last associated Data Lane has transitioned to LP Mode. 
Interval is defined as the period from the end of Tys.tran to 
the beginning of Tere tran. 


Time that the HS clock shall be driven by the transmitter prior 
to any associated Data Lane beginning the transition from LP 
to HS mode. 


Time that the transmitter drives the Clock Lane LP-00 Line 
state immediately before the HS-0 Line state starting the HS 
transmission. 


60 ns + 52*UI 


TCLK-SETTLE 


Time interval during which the HS receiver shall ignore any 
Clock Lane HS transitions, starting from the beginning of 
TCLK-PREPARE. 


TCLK-TERM-EN 


Time for the Clock Lane receiver to enable the HS line 
termination, starting from the time point when Dn crosses 
Vitmax- 


Time for Dn to 
reach VTERM-EN 


TCLK-TRAIL 


Time that the transmitter drives the HS-0 state after the last 
payload clock bit of a HS transmission burst. 


60 


TCLK-PREPARE + TcLK-ZERO 


Terx prepare + time that the transmitter drives the HS-0 state 
prior to starting the Clock. 


300 


Tp-TERM-EN 


Time for the Data Lane receiver to enable the HS line 
termination, starting from the time point when Dn crosses 
VitMax- 


Time for Dn to 


reach VIERM-EN 


35 ns + 4*UI 


Tzor 


Transmitted time interval from the start of Tus-rran or Terk- 
TRAL. to the start of the LP-11 state following a HS burst. 


105 ns + 
n*12*UI 


wn 


THs-EXIT 


Time that the transmitter drives LP-11 following a HS burst. 


yl | y a 
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NOTE: 


1. The minimum value depends on the bit rate. Implementations should ensure proper operation for all the 
supported bit rates. 

2. Ifa > b then max( a, b ) = a otherwise max( a, b ) = b 

3. Where n = 1 for Forward-direction HS mode and n = 4 for Reverse-direction HS mode 

4. TLPX is an internal state machine timing reference. Externally measured values may differ slightly from 
the specified values due to asymmetrical rise and fall times. 

5. Transmitter-specific parameter 


6. Receiver-specific parameter 


Oe 
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Parameter Description Min Nom Max Units Notes 
Trip’ Trip 15%-85% rise time and fall time 25 ns 1 
Treot 30%-85% rise time and fall time 35 ns 1,5,6 


TLP-PULSE-TX Pulse width of | First LP 
the LP exclusive-OR 
exclusive-OR | clock pulse 
clock after Stop state 
or last pulse 
before Stop 


state 
All other 
pulses 
TLp-PER-TX Period of the LP exclusive-OR 
clock 
SV Step Slew rate @ Croan = OpF mV/ns 
Slew rate @ Croan = 20pF EE À 
Slew rate @ Croan = 0 to 70pF 30 
(Falling Edge Only) 
Slew rate @ Croan = 0 to 70pF 
(Rising Edge Only) 
Slew rate @ Croan = 0 to 70pF 30- 
(Rising Edge Only) 0.075 * 
(Vomnst — 
Croan Load capacitance 


NOTE: 

1. CLOAD includes the low-frequency equivalent transmission line capacitance. The capacitance of TX and RX 
are assumed,to always be <10pF. The distributed line capacitance can be up to 50pF for a transmission line 
with 2ns delay 

2. When the output voltage is between 400 mV and 930 mV. 

3. Measured as,average across any 50 mV segment of the output signal transition. 

4. This parameter value can be lower than TLPX due to differences in rise vs. fall signal slopes and trip levels 
and mismatches between Dp and Dn LP transmitters. Any LP exclusive-OR pulse observed during HS EoT 
(transition from HS level to LP-11) is glitch behavior as described in section 8.2.2. 

5. The rise-time of TREOT starts from the HS common-level at the moment the differential amplitude drops 
below 70mV, due to stopping the differential drive. 

6. With an additional load capacitance CCM between 0 and 60pF on the termination center tap at RX side of the 


Lane. 
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7. This value represents a corner point in a piecewise linear curve. 

8. When the output voltage is in the range specified by VPIN(absmax). 

9. When the output voltage is between 400 mV and 700 mV. 

10. Where Vo,nst is the instantaneous output voltage, VDP or VDN, in millivolts. 
11. When the output voltage is between 700 mV and 930 mV. 
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9.6.6 MDDI Timing Characteristics 
(VSS=VSSI=DVSS=0V, VDDI=1.65V to 3.3V, VDD=2.3V to 4.8V,Ta = -30 to 70°C) 


Signal Symbol Parameter MIN | TYP MAX Unit 
MDDI_STB_P/M 
1/Tbit Data transfer rate - 384 450 Mbps 
MDDI_DATA_P/M 
MDDI_STB_P/M 
|Tskew-pair| | Differential transfer input skew - - 0.05 ns 
MDDI_DATA_P/M 
MDDI_STB_P/M 
|Tskew-data| | Data/Strobe input skew - - 0.3 ns 


MDDI_DATA_P/M 


Note) MDDI_DATA_P/M = MDDI_DATAO_P/M and MDDI_DATA1_P/M. 


Skew between MDDI positive and negative signal pair 


MDDI_DATA_P/MDDI_STB_P 


T skew-pair 
| 


T skew-pair 


l 
| 
MDDI_DATA_M/MDDI_STB_M 


Skew between MDDI_DATA)P/N.and MDDI_STB_P/M 


MDDI_DATA_P/M 


i > i T skewdata a T skew-data 


MDDI_STB_P/M 
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9.6.7 Reset Timing 


Shorter than 15ys 
tRESW 


RESX 


tREST 


Initial Condition 
(Default for H/W reset) 


Internal Status Normal Operation 


Reset input timing: 
IOVCC=1.65 to 3.6V, VCl=2.5 to 3.6V, AGND=DGND=OV, Ta=-40 to 85°C 


Symbol Parameter Related Pins 


*1) Reset low pulse width - 

When reset applied 
during Sleep in mode 
When reset applied 
during Sleep out mode 


*2) Reset complete time 


Note 1) Spike due to an electrostatic discharge on RESX line does not cause. irregular system reset according to 
the table below. 


RESX Pulse Action 


Shorter than 5us Reset)Rejected 


Longer than 15us Reset 


Reset starts 

(It depends on voltage and temperature condition.) 

Note 2. During the resetting period, the display will be blanked (The display is entering blanking sequence, which 
maximum time is 120 ms, when Reset,Startsin Sleep Out —mode. The display remains the blank state in 
Sleep In —mode) and then return.to Default condition for H/W reset. 

Note 3. During Reset Complete Time; data in OTP will be latched to internal register during this period. This 
loading is done every time when there is H/W reset complete time (tREST) within 5ms after a rising edge of 
RESX. 


Note 4. Spike Rejection also applies during a valid reset pulse as shown below: 


Between 5us and 15us 


i ca | fnere Myan Jar 
4 Less than 20ns width positive spike will be rejected 


Note 5. It is necessary to wait 5msec after releasing RESX before sending commands. Also Sleep Out command 
cannot be sent for 120msec. 


With collaboration of https:/Awww.displayfuture.com 
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